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SYMBOLS 


TL Temperature of liver parenchyma 5 
TR Rectal temperature m 
Ts Stomach temperature 
TyH Temperature of hepatic veins 
Tp Temperature of portal vein th 
TA Temperature of arterial blood f 
Ty Temperature of venous blood th 
EHBF Estimated hepatic blood flow (BRrapLey, 
INGELFINGER, BRADLEY & Curry, 1945) SU 
I 


EMF Electromotive force 


WLS 


The expression thermal, or temperature, gradient has been used 
in the present report to denote the difference between two simul- C 
taneously measured organ or skin temperatures. Although somewhat | 


different definitions can be found of the gradient concept, it is P 
widely used in current literature in that meaning (HorvatH, RvuBIN 
& Forrz, 1950; Eicuna, Raper, Bercer & Becker, 1951; STuPFEL 
& SEVERINGHAUS, 1956; CARLSTEN & Grimsy, 1957). 

Pp 


4 

ti 

fe 

T 

se 

ti 


PREFACE 


The present work was carried out in the IInd Medical Service of 
St. Erik’s Hospital in a five year period, during which encourage- 
ment, valuable advice and considerable financial support has been 
obtained from various sources. 


Continuous stimulation and friendly criticism has been offered 
by the author’s chief, Dr. Bengt Ihre, without whose positive attitude 
the present investigation would not have been accomplished. 


Valuable discussions with and suggestions from my colleagues and 
friends in the staff of St. Erik’s Hospital have been fruitful and my 
thanks are due to them. 

To my particular friends, Dr. Georg Porjé—who originally 
suggested liver temperature measurement—and Dr. Klaus Graf 
I express my warmest thanks for precious and impeccable coopera- 
tion and for pleasant conversations. 

The author is also indebted to Professor B. Uvnis, who put the 
facilities of his laboratories to my disposal, and to Professor 
T. Sjéstrand, who has been kind enough to offer his view-points on 
several problems related to this work. 

Further, I should like to offer my grateful thanks to Professor 
Carl G. Schmiterléw for valuable advice concerning experimental 
problems. 

For many years Mr- I. Réing, Recip Ltd, has given generous 
support and never failed when the cost exceeded the calculations. 


As technician Mrs. A. Allgoth has contributed with careful and 
painstaking assistance throughout the sometimes rather exhausting 
experiments. She also prepared the illustrations, sacrificing spare- 
time in a manner, not very common nowadays. 


sed 
ul- 
hat | 
t is 
BIN 
FEL 

\ 

| 

5 


Mr. R. Gartner, pharmacist of St. Erik’s Hospital, has contributed 
with his usual willingness to prepare the pharmaceutical supplies 
necessary for the experiments. 


Of the many nurses, who kindly helped me with the patients and 
with various arrangements, I will particularly express my gratitude 
to Miss A. Stroémmer and Miss I. Sundblad. 


Financial grants have been obtained from K. & A. Wallenberg 
Foundation and from the T. & J. Andersson Foundation. 


The translation has been corrected by Mr- Chr. Gosden, to whom 
my thanks are due. Manuscripts to this thesis and to its precursors 
were skilfully and faultlessly prepared by Miss G. Axelsson. 
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Introduction 


According to current and recent textbooks of physiology, it is the 
prevailing opinion that the liver (and striated muscle) ”are the main 
sources of the body’s heat” (Best & Taytor, 1950). This conception 
is met with in most manuals, as in Lovarr Evans’ (1952): ’weight 
for weight the liver is probably one of the most constant and 
active sources of heat”. Concerning the absolute temperature level 
of the organ Wiccers (1951) states that in animals the liver temper- 
ature exceeds that of the rectum by 1° Celsius and, according to 
the same author, a similar difference can be expected to exist in 
man. In Barp’s ’Medical Physiology” (1956) it is briefly said that 
*the liver, a site of much metabolic activity, has a higher temper- 
ature than the rectum”. In one of the few text-books where actual 
figures are quoted, the human liver is stated to have a temperature 
of 41.3° C as compared to the 37.2° C and 37.0—37.3° C of the 
rectum and stomach respectively (LANDoIsS—ROsEMANN, 1955). 

If we turn our attention to the original observations reported in 
medical literature we find that various authors have made measure- 
ments of the liver temperature in different species: 

Bore. (1680), using a simple thermometer, stated that the heat 
of the heart of a stag was not greatly different from that of the 
liver, lungs and bowel. 

Davy in 1839 reported that in lambs the temperature of the liver 
was 106.5° F, whereas the left ventricle had 107° F and the rectum 
104.5° F, 

The classical experiments of CLaupE BerNarp (1856—59) dealing 
with organ and blood temperatures, predominantly in the dog and 
rabbit ,have been quoted repeatedly and evidently they still consti- 
tute a popular source for authors of textbooks. BERNARD measured 
mainly in the blood vessels and studied the difference between the 
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portal and hepatic venous blood—the latter exceeded the former 
by more than 0.5° C and the difference was found to increase during 
digestion. Only occasionally BERNARD performed measurements 
in the liver itself. In one experiment (page 142 in reference b) he 
measured in the liver parenchyma, the temperature of which 
amounted to 40.0° C as opposed to the 38.6° C of the rectum. The 
instruments used in this experiment were mercury thermometers 
and, apparently, they were not read simultaneously at the different 
sites. 

Further, Jacosson (1870) and Jacosson & LeypeEN (1870) 
measured the rectal and liver temperatures in the rabbit and the 
dog. They concluded that in most of the animals the liver had a 
somewhat higher temperature than the rectum but that the opposite 
could occur, too. JAcoBson also found it unjustified to regard, like 
BERNARD, the animals’ liver temperature as representative of the 
thermal level of the deep organs in man. 

Cavazzani (1894), using a centesimal thermometer, reported that 
the canine liver had a slightly higher temperature than the rectum. 

LeFevre (1911) in a monography on heat production and regu- 
lation presented observations on rectal and liver temperature in 
dogs, rabbits and pigs. The excess of liver temperature according to 
LeFEvRE amounted to 0.76° C, 1.08° C and 1.0° C in the respective 
species. 

Nepzet (1933—34) stated that “the liver has a tendency to 
maintain its temperature at a higher level than the blood” 
(anesthetized dogs). The same author also drew attention to the 
possibility that ’there are different chemical processes that occur 
in the liver, which may actually absorb heat, instead of produc- 
ing it.” 

MarsHak (1939) measured the temperatures in liver, pancreas 
and rectum of non-anesthetized dogs, whereby the liver was found 
to have a 1—2°C higher temperature than the rectum. Under 
experimental conditions a transient reversal could, however, occur. 

Dietrick & Frirrs (1952), dealing with rabbits under pento- 
barbital anesthesia, established that the liver temperature was 
0.29° C higher than that of the rectum (mean of 8 animals). 

KyeLtGren (1953)—55 working with rabbits in nembutal anes- 
thesia regularly found a higher temperature in the liver than in 
the rectum. 
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Grayson & MENDEL (1955—56) performed measurements on 
conscious rats of the temperatures in the liver and at different places 
in the abdominal cavity. These authors found ”no significant 
difference in the temperature between the liver and the mesentery 
near the portal vein, from which it may be concluded that the 
blood entering the liver from the intestine by way of the portal 
vein was probably not cooler than the liver itself”. 

SoLLBERGER (1957), in a study of the liver and rectal temperature 
in chickens, obtained a difference of 0.15 + 0.02° C (rectal higher). 

Several reports have dealt with temperatures closely related to 
that of the liver, viz. the thermal gradients in the vascular system, 
including the hepatic veins. 

Kosaka (1930) measured the temperature difference between the 
portal and hepatic veins in dogs. There was a mean difference of 
0.25° C (hepatic veins higher). 

Jrrariu, Kocn and Orro (1941) established the relations between 
the temperature of the liver and its afferent and efferent blood 
vessels (cats). They found Ta<Tp<Tyy<Ty. 

Feporov & SuHur (1942) presented a study of blood vessel 
temperatures, indicating that the gradient between the aorta and 
the portal vein was greater than that between the portal and hepatic 
veins. The conclusion drawn was that the intestinal tract ought to 
"play an important role in thermogenesis in the body”. These 
authors also referred to experiments carried out by Miter, Scuasrt- 
NAyA & JUTKEVICH (1940), who found a higher temperature in the 
portal than in the hepatic veins. 

Horvat, Rusin & (1950) studied the thermal gradients 
in the vascular system of dogs. In their material the rectal temper- 
ature lay 0.1—0.4° F higher than that of the blood in the hepatic 
vein. In certain animals, however, the opposite relation existed. 

The findings of Ericuna, BerGcer, Raper & Becker (1951) attract 
considerable interest since they derive from human beings. When 
measuring by means of heart and hepatic vein catheterization the 
thermal gradients between the rectum and the blood vessel system in 
conscious men, these authors found that mostly the rectal temper- 
ature surpassed that of the hepatic veins. Fig- 1 A is reproduced from 
the quoted report and shows one case where during 3 periods of 5 
minutes the rectal temperature lay nearly 0.5° C higher than that 
of the hepatic vein. 
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O 10 20 30 40 50 60 70 80 90 
MINUTES 
Fic. 4. RELATIONSHIP OF INTRACARDIAC AND INTRA- 
VASCULAR TEMPERATURES TO Each OTHER AND TO RECTAL 
TEMPERATURE IN A Fesrite PATIENT wiTH SLOWLY RE- 
SOLVING PNEUMONIA 
Details as in Figure 1. 


Fig. 1A. (Courtesy of J. Clin. Invest.) Reproduced from Eichna et al., 1951. 

At the top are symbols, indicating different vascular regions. HVM, HVD and 

HVP denote hepatic vein temperatures (with somewhat varying catheter posi- 
tions). Rectal temperature is about 0.5° C higher. 


Here, reference could also be made to the measurements during 
operations on humans, performed by Ipsen (1926). This author 
found that the pelvis often displayed a higher temperature than the 
upper part of the abdomen immediately below the liver. 

The introduction of liver biopsy as a simple and harmless 
procedure made it possible to introduce, in connection with the 
punching of the liver parenchyma, instruments for thermoelectrical 
measurement in the liver and to leave them there for some time. 
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DEVIATION OF INTRACARDIAC AND INTRAVASCULAR 
TEMPERATURE FROM RECTAL TEMPERATURE 


(AFEBRILE PATIENTS) 
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Fic. 2. INTRACARDIAC AND INTRAVASCULAR TEMPERATURES PLOTTED WITH REFER- 
ENCE TO THE SIMULTANEOUSLY OBTAINED RECTAL TEMPERATURE AS A BASE 


(AFEBRILE SUBJECTS) 

Each dot represents a comparison in one subject between rectal temperature and 
the intravascular temperature indicated by the letters at the head of the respective 
columns. Each heavy horizontal arrow represents the average of the corresponding 
group of dots. 


Fig. 1B. (Courtesy of i]. Clin. Invest.) Reproduced from Eichna et al., 1951. 
Columns under Hp and HD represent hepatic vein temperatures. 


These studies were started in 1954 and a preliminary report by 
Porjé, GraF and ALLGoTH appeared in 1955. Further work was 
devoted to the rectum-liver temperature gradient in a communication 
by W. Grar & K. Grar (1957). A separate study of the effect of 
histamine on liver and other temperatures also appeared (W. Grar, 
1957). The present thesis comprises all the temperature research 
of the author—data already published as well as observations yet 
unpublished. In as much as the hepatic circulation is concerned, 
reference will, in addtion, be made to themoelectrical measurements 
of the liver blood flow performed by K. Grar, W. Grar & S. 
Rosetti (1958). 
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AIM OF THE PRESENT INVESTIGATION 


The aim of the present investigation was to study 


1) 


2) 


3 


4 


5) 
6) 


7) 


12 


in “basal” subjects the level of human liver temperature in 
relation to rectal temperature (which is widely used as a body 
temperature index) and gastric temperature (which was chosen 
to represent the alimentary tract). 


to what extent the temperature of the liver showed the same 
diurnal rhythm as the temperature shift in the rectum. 


the local influences exerted on liver temperature by neighbouring 
organs, viz. the alimentary tract. The best example in this 
respect was found to be ingestion of cold water. 


whether the liver temperature participates in the thermal changes 
occurring in other organs when the elimination of heat from the 
body’s surface is increased and decreased respectively. 


the behaviour of liver temperature in artificially induced fever. 
the reaction of liver temperature to ingestion of food. 


the relationship between liver temperature changes and fluctu- 
ations in the rate of hepatic blood flow. 
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CHAPTER I 


Material” 


The experimental subjects were chosen among patients, where a 
liver biopsy was required from a diagnostic point of view. Conse- 
quently, the material included cases of proved or alleged liver 
disease. In several cases no evidence of disturbed liver function was 
obtained and both the biopsy and routine laboratory tests were 
normal. 

Out of the 243 patients included in this report the vast majority 
were male between the ages of 20 and 60. Only 6 patients were 
female. In the groups submitted for statistical consideration only 
male subjects were employed. Febrile cases were not examined 


Table I 
Biopsy 
Clinical diagnosis Normal Nonspecific Fatty degeneration 
liver changes Cirrhosis 
(slight) Slight |Moderate| Severe 

Alcohol addicts 28 8 21 25 26 15 
ulcers, operated 12 3 6 3 
ulcers 
Cases with symptoms of 
liver, biliary or pancreatic 4 11 10 7 5 17 
disease 
Diabetes 2 2 2 1 2 0 
Malignancy 3 2 1 1 0 0 
Systemic diseases, blood 
dyscrasia 7 4 2 ‘ 

Total | 56 30 42 | 45 37 33 


*) The material is part of a series of 1200 liver biopsies studied 
from a general clinical and pathoanatomical angle (Bucut, Bur- 
MAN, GRAF, HAEGGSTROM and LinpcREN, report to be published). 
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(apart from those patients in whom artificial fever was induced, 
see page ..). With reference to the main features of the clinical 
picture and the main findings in the biopsy the following survey of 
the material is presented. 

A clinical material of hospitalized patients could hardly be 
considered as normal in the ”sensu strictiore” of this expression, even 
if neither biopsy nor laboratory examinations should reveal a liver 
injury. However, it has not been possible to dispose of normal 
volunteers for liver biopsy and temperature measurement. Conse- 
quently, it has not been possible to come closer to a normal 
material than in dealing with e.g. alcohol addicts (who had not, 
when examined, been taking liquor for a week) without patho- 
anatomical or clinical signs of liver injury. Data gathered from 
such material ought to allow valid conclusions and should at least 
be as acceptable as observations made on animals under general 
anesthesia — which are sometimes looked upon as nearly repre- 
sentative for the human being. 

It is evident from Table I that in 128 cases (the three left columns) 
a normal or next to normal biopsy specimen was obtained. In 
these cases laboratory signs of functional liver impairment were 
also lacking. 

Now, in the remaining 115 cases, a moderate or severe fatty 
degeneration or a cirrhosis was found. In several of these cases the 
laboratory chart showed findings within normal ranges. It is well 
known to the internist that even definite structural changes of the 
liver can exist without signs of a defect function. This circumstance 
is further elucidated by the fact that even severe fatty degeneration 
may often be reversible. 

It is beyond the scope of the present report to carry out a detailed 
clinical analysis of the material used. It is sufficient to emphasize 
that the liver biopsy has been employed here to differentiate cases 
with normal livers or very slight liver changes from those with major 
liver pathology. 

As the present report comprises measurements in pathological livers 
it was judged necessary to establish that such cases, when afebrile, 
do not behave essentially otherwise on the routine temperature chart 
than do cases without liver disease. 

Mean values were evaluated of a.m. (6%) and p.m. (2) rectal 
temperatures (measured with a mercury thermometer) during one 
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week (selected at random during a terminal period of hospitalization) 
in sixty cases of liver cirrhosis. The average time before death of 
a patient in liver failure amounted in these sixty cases to 4.3 months. 

The figures were compared to a corresponding series of a.m. and 
p.m. temperatures from sixty peptic ulcer patients, otherwise healthy. 

It was found that the mean morning rectal temperature in liver 
cirrhosis lay 0.27 + 0.08°C higher than that of the peptic ulcer 
group. The p.m. temperatures of both groups were practically 
identical. 

Consequently, the average amplitude between the actual a.m. 
and p.m. temperatures was lower in the cirrhosis group than in the 
peptic ulcer group (0.2 to 0.3° C against 0.4 to 0.5° C). Apart from 
this, the mean day-time temperature shift in cases of liver cirrhosis 
did not show any characteristic trends. As, in addition, the cirrhosis 
patients included in the Table I, were not so advanced as those 
selected for evaluation of the above-mentioned means, they were 
not considered unsuitable for temperature studies. The reader is 
also referred to Fig. 14 with comments. 
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CHAPTER II 


Methods* 
1. General 


SeeBeEcK, of Berlin, in 1821, discovered that if, in a circuit made 
of two different metals, one junction is hotter than the other, an 
electromotive force is developed which causes an electric current. 
This observation rapidly resulted in measuring methods with the 
employment of various combinations of metals. Becqueret and 
Brescuet (1835) gave the first report of this procedure applied to 
biological purposes. These authors measured a.o. the gradient be- 
tween the mouth and the biceps muscle in human subjects. 

It was already widely realized during the preceding century that 
thermoelectrical measuring is encumbered with certain drawbacks. 
The hazard of measuring errors may thus be considerable with 
thermocouples. Rosetti (1868) expressed the opinion that even the 
terrestrial magnetism might influence the measuring equipment and 
distort the results. Technical errors may thus be largely responsible 
for the conflicting results achieved by various authors. 

Temperature measuring with the aid of thermistors has had 
many advocates who have stressed the superiority of this technique 


*) When mercury thermometers are referred to in the present 
report, the following instruments have been employed: 

a) ’Laboratoriumthermometer”, certified according to Dtsch. Amt 
f. Mass & Gew, Jlmenau (E. Germany), 0.1° C interval. Mainly 
used for room temperature measurement. 

b) Precision thermometers, supplied by Townson & Mercer Ltd, 
Croydon (Great Britain), 0.01° C interval. With a magnifying 
lens intervals of 0.001° C could be fairly well recognized. 

c) Rectal temperature in patients with liver cirrhosis, as reported 
on p. 14—15, was measured with ”Minut-thermometer” 1/10° C, 
Jena (E. Germany). 
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to that of the thermocouples. Gray and AxeLrop (1953) emphasiz- 
ed e.g. the difficulties in maintaining the reference junction at a 
sufficiently constant temperature. The hazard of spurious electro- 
motive forces with thermocouples is, according to these authors, 
considerable. 

In spite of these and other critical view-points the thermocouples 
have preserved their popularity. The most widely employed combi- 
nation is that of copper and constantan, yielding a voltage of 
44-10 V per °C difference. With different equipments of ampli- 
fication various authors have measured temperatures in every 
conceivable organ, even in the bone marrow (Perrakis, 1952). 


D 


A: Galvanometer 

B: Cold junction 

C: Measuring junction 
D: Measuring position 
C E: Control position 

F: Transport position 


Fig. 2. Scheme of circuit in Equipment I. 
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2. Methods of temperature measurement used in the present 
investigation 


a. The original equipment (I) was manufactured by Ellab Ltd. | 
in Copenhagen. A simple scheme of the circuit is reproduced in fig. | 


2. This instrument permitted measurements with several different 
thermocouples, read against a common reference junction, with 
which the various measuring junctions were connected after each- 
other. The EMF arising between the two respective junctions was 
passed to a galvanometer, the deflection of which was optically read 
on a simple scale. Changes in room temperature could be compensat- 
ed for mechanically. Different shapes of thermocouples were made 
of copper and constantan or of chrome-nickel constantan. They 


Galv. 
Mod. A 


Calibr. 
Channels 
I 
Galvo. 


II 
CIRCUIT OF MEASURING EQUIPMENT II 


Fig. 3. Skeleton of Equipment II. 
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were delivered adapted to the same galvanometer scale. Intervals 
of 0.05° C could easily be read at this scale. 

b. A second set of instrument (Equipment II) used by the author 
is reproduced in fig. 3. The reference terminals of copper and 
constantan were kept in a constant temperature bath of the Héffler 
principle (manufactured by Colora, Lorch, Wuertemberg, W. 
Germany). The direct current between the measuring and reference 
junctions was changed into an alternating current by means of 
galvanometer modulators (Pye & Co., Cambridge) ard the a.c. could 
in due course be amplified and recorded on a paper, moved at 
different speeds by an electrical clock. By means of using different 
amplifications, a 76 mm deflection could be made to correspond 
to 4° C, 0.8° C or 0.2°C respectively. 

c. Another arrangement did not comprise any reference junction 
—two thermocouples were simply read against each other. By 
means of this procedure the gradient between two sites could be 
measured directly, irrespective of the absolute temperature level. 

The thermocouples were of copper and constantan and the EMF 
was passed to either of two galvanometers used alternatingly. For 
the purpose of recording the galvanometer deflection was passed to 
a” Nachlaufschreiber” (Dr. B. Lange Ltd, Berlin). The more sensitive 
instrument yielded a deflection of 20 mm per °C difference, the 
less sensitive of 5 mm per °C difference. This equipment was also 
described in the paper by W. Grar and K. Grar (1957). 


3. Checking of temperature—measuring instruments 


The constant-temperature waterbath was able to keep its vari- 
ations less than 0.01°C in the main instrument and less than 
0.002° C (read with a precise mercury thermometer) if arranged 
with a circulation on to an insulated secondary bath. With the aid 
of this Equipments I and II were checked and any errors were 
corrected, according to the calibration which was frequently repeat- 
ed. If the errors were found to surpass + 0.1° C the themocouples 
were discarded. The reader is also referred to p. 26, Errors of 
temperatures measurings. 

It was also repeatedly and thoroughly checked that heating and 
chilling along the circuits from the thermocouple terminals did not 
affect the EMF produced by the thermocouples. 
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4. ”Warmeleitsonde” (WLS) 
a. Description 

In order to estimate the blood flow changes occuring in the human 
liver simultaneously to some of the temperature changes studied, 
the method of Hensex (1951) was adopted. In principle, this pro- 


cedure means measuring the heat conductivity of the tissue. It is | 


an improvement of Grss’s (1933) heated thermocouple technique 
and has been employed for liver blood flow studies in human beings 
by Bock, K. Grar and Henset (1957) and by K. Grar, W. Grar 
and S. Rosetti (1958). 

Briefly described, it comprises an electric heating system and a 
thermoelectric system enclosed in a polythene sheath. The tip of 
the instrument is heated by means of a constant alternating current. 
The temperature difference between the tip and a point 10 mm 
proximally from the tip yields an EMF, the magnitude of which 
is inversely proportional to the thermal conductivity of the tissue 
and consequently closely related to the blood flow. 

The apparatus for continuous recording of the heat conductivity 
as evaluated in terms of 4 (cal/cm/sec/°C - 10), consisted of a 
*Heizgerat” (source of constant alternating current, manufactured 
by Hartman & Braun, Frankfurt a. M., W. Germany) + terminals 
with thermocouples + recording unit. The last-mentioned comprised 
a galvanometer and a device for continuous tracing (”Nachlauf- 
schreiber” of Dr B. Lange Ltd, Berlin, or amplifying and recording 
unit of Pye & Co., Cambridge, also used in Equipment II, see p. 18). 


b. Validity of the WLS method 

The discussions concerning the WLS method have been extensive 
and critical. It lies beyond the scope of the present investigation to 
take into consideration all viewpoints expressed in this matter, as 
the method has been used here merely as an attempt to give a 
tentative picture of the liver circulation. 

Significant arguments will however be given: 

Grayson (1952), employing a similar procedure, to which he has 
also referred as internal calorimetry”, stated that there was a linear 
relationship between the thermal conductivity of the liver (conscious 
rat and rabbit) and the blood flow. He even suggested that the 
conductivity increment multiplied by 12.5 gives the volume flow 
in ml./ml. tissue/sec. Lunzett (1953) criticized Grayson’s method 
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and challenged the conclusion that the local tissue blood flow was 
representative of the whole organ. According to Livzext the 
relation of thermal conductivity to blood flow is rather curvilinear 
and the method quantitatively misleading for tissues of high blood 
flow. Grayson later (1954) repeated some perfusion experiments 
on rat and cat livers and insisted on ”a good linear correlation”. 
Henset and co-workers (1951—1957), with their instrument, which 
was also used in the present investigation, found a slightly bent 
calibration curve in the physiological range, i.e. at a flow of O—100 
cc/100 cc tissue/minute. Different shapes of calibration curves can 
be obtained indicating that the method can be looked upon mainly 
as ’semi-quantitative’—an expression also used by GraBNER and 
Neumayer (1956) to denote their thermistor flow meter. 

Without claiming any particular accuracy for the WLS method 
we may thus summarize that it reflects the local blood flow of the 
liver and its fluctuations. Simultaneous tracings from two different 
sites in the same liver (K. Grar & W. Grar to be published) indicate 
that the reactions are fairly uniforia even if it could reasonably be 
anticipated that the vascular architecture of the different measuring 
sites with reference to the respective ingredients of portal and 
arterial vessels is never identical. 

When the liver circulation is concerned we must also, to some 
extent, reduce our demands for accuracy. Wiccers, OrpykE and 
Jounson stated in 1946 that ”unfortunately, a study of this circuit 
is hampered by many conditions, among them its unfavorable ana” 
tomic approach, its communications with veins short-circuiting the 
liver, the uncertain intrahepatic connections with branches of the 
hepatic artery, and the lack of efficient and reliable measuring 
instruments that can be applied to the portal circuit without induc- 
ing abnormal circulatory states”. 


5. Liver blood flow in terms of EHBF 


In some of the experiments, where the temperature was measured 
in the hepatic veins by means of hepatic vein catheterization 
(Warren & Brannon, 1944), figures were additionally obtained 
concerning the rate of liver blood flow. These experiments were 
performed in connection with the investigations of CasTENFoRs, 
Euiascu & Huttman on splanchnic hemodynamics during digestion. 
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These authors kindly submitted the flow calculations to serve as 
a corollary to the thermal changes. 

Liver blood flow was thus evaluated in terms of EHBF (estimated 
hepatic blood flow) and given as ml./min. according to the method 
devised by BrapLey, INGELFINGER, BRADLEY & Curry (1945). 

In a few cases the oxygen content of arterial and hepatic vein 
blood was, additionally, determined, viz. in the vAN SLYKE appa- 
ratus. Figures are given in terms of oxygen content difference 
in vol.°/o (Fig. 36, p. 95). 


6. Room temperature 


The temperature of the rooms where the experiments were per- 
formed was constant within 0.5° C during most experiments and 
within 1° C in a few. It differed slightly during different seasons 
of the year (between 18° and 24°C). Mean values for room 
temperatures in some of the experimental series are given in the 
figure texts. 

In the investigations reported, room temperature changes and 
variations of the size mentioned apparently did not exert any 
influence on the organ temperatures. This is in agreement with 
previous reports where a constancy of + 1° C (Goopet1t, GRAHAM 
& Wotrr, 1949) or even of + 1.25°C (Rensourn & Tayior, 
1956) has been considered satisfactory. 

Attempts were made to perform the experiments, as far as 
possible, under standard ambient conditions. All patients, when 
examined, were lying in their beds—except in the cases where 
hepatic vein catheterization was performed. In these instances the 
patients remained on the fluoroscopic table under circumstances as 
comfortable as possible. All patients were uniformly dressed in shirt 
and covered, below the waist, with sheet and a light blanket. 


7. Applying the different measurement procedures to the 
experimental subjects 
a. Liver temperature 

Common to all procedures when dealing with liver temperature 
and/or blood flow was the introductory liver biopsy. 

Either immediately subsequent to this puncture—and with- 

drawal of a piece of liver tissue—or one or two days afterwards 
though using the identical spot of approach, the thermocouples 
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Fig. 4. Anterolateral X-ray of temperature indicator in right liver lobe. 


intended for measurement in the liver were introduced into the right 
liver lobe through the Vim-Silverman-Boecker biopsy needle. In 
order to fit into the latter, the outer diameter of the nylon or 
polythene sheath containing the copper (0.08—0.2 mm size) and 
constantan (0.15—0.2 mm size) fibres which connected the thermo- 
couples with the galvanometer, had to be 1.55 mm or less. 

Before use the terminals enclosed in their tight nylon or polythene 
sheats were duly cold-sterilized. 

The instrument was slowly pushed through the biopsy needle, 
which was then carefully withdrawn, leaving the measuring instru- 
ment inserted in the parenchyma. 

Different terminals had somewhat different diameters, ranging 
between 1.24 and 1.55 mm. Sometimes when the liver was soft the 
instrument could be pushed ahead of the orifice of the needle and 
further into the mass of the right hepatic lobe. When the instrument 
was removed the distance between its terminals and the body 
surface was measured, and varied between 8 and 22 cm. 

Repeated X-ray checking of the intrahepatic position of the instru- 
ment was made in one or both planes. Fig. 4 shows an anterolateral 
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view of a subject with one temperature indicator in the right liver 
lobe. 

In a limited number of cases two temperature indicators (or two 
WLS) were introduced into the same subject, one in the anterior 
axillary line and the other in the posterior (corresponding to the 
8th to 10th intercostal spaces). Fig. 5 shows a frontal X-ray of two 
instruments in position. 

The measuring instrument was left in its position for a different 
length of time—in some cases only 3—4 hours, in some, when the 
diurnal rhythm was studied, for 48 to 72 hours. In many cases no 
pain whatsoever was caused by the introduction of the instrument 
or by its being left in position during a considerable period. Fairly 
often there was initial pain which, however, subsided in half an 
hour. The pain was localized to the right shoulder or the right 


Fig. 5. Frontal radiogram of two temperature indicators in right liver lobe. 
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side of the chest or right epigastric region. Sometimes, there was 
reinforced pain with every inspiration, indicating that the instru- 
ment had pierced the pleural sinus and caused irritation. In a few 
instances the pain was severe enough to necessitate immediate with- 
drawal of the instrument. Twice, a pleural effusion was demonstrat- 
ed on X-ray. Summarising, it can be said that surprisingly little 
pain was caused even when two instruments were put into position 
and left there for several hours. 

The experiments were started at 9° a.m. The subjects were without 
food from the preceding evening. Thirty minutes prior to the 
biopsy a 0.1—0.2 gm amobarbital dose was given orally. The local 
anaesthesia was performed with a 1 °/o lidocaine solution. When 
the experiments were finished the patients received antibiotics for 
three consecutive days. 


b. Hepatic vein temperature 

In connection with hepatic vein catheterization, performed with 
different purposes a temperature indicator was introduced into the 
catheter so that the measuring junction was 2 mm ahead of the 
orifice of the catheter. The temperature of the blood flowing 
through the hepatic veins could be studied in this manner. 


c. Gastric temperature 

A gastric tube containing one thermocouple of the same type as 
that used for liver temperature measurement was passed down to 
the pyloric region (= distance from the teeth of body length minus 
100 to 110 cm). It was considered beyond the scope of the present 
investigation to study the possible temperature differences between 
different regions of the stomach. Hence, it was not always checked 
that the instrument had reached the pyloric region—it might equally 
well have curled up in the fundus region. In a few instances the 
temperatures were studied simultaneously at three different levels 
of the stomach—no significant differences were found. 


d. Rectal temperature 

A small plug containing the thermocouple was passed into the 
rectal ampulla and left immediately above the sphincter. In a few 
cases temperatures were measured simultaneously at three different 
heights in the ampulla, corresponding to the studies performed by 
Meap and Bonmarito (1949) and by ReNBourN and Taytor 
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(1956). The differences between the different sites of the rectum 
were not studied systematically in the present report. When "rectal 
temperature” is referred to a site just above the sphincter should 
thus be understood. 

e. Skin temperatures 


The thermal topography of the skin is a complicated matter. 
Extensive reports have been published concerning the cutaneous 
temperature of different parts of the human body since the early 
studies performed by Davy (1825). Lerivre (1911) quotes a number 
of representative reports on this topic. During the last two decades 
attention has been directed to the existence of a ”skin temperature 
asymmetry” implying a.o. that rhythmic shifting of the gradient 
between the left and right half of the body should exist (Hitpe- 
BRANDT, 1952). 

In order to avoid as far as possible the influence of irrelevant 
asymmetric differences in skin temperature, measurement in the 
present investigation was always performed at the midline of the 
trunk, corresponding to the center of manubrium and at a spot on 
the anterior surface of the right fore-leg, 10 cm above the malleolar 
region. The thermocouple unit was brought into contact with the 
skin surface by means of gentle manual pressure. Blood vessels 
visible through the skin were avoided, as measuring at such a site 
would mean too much conduction of a relatively higher blood 
temperature to the skin surface. 


8. Errors in temperature measurings 


As mentioned above thermoelectrical measurements in practice 
are highly liable to deviate from their theoretical basis. Careful 
and frequent calibration of the measuring equipment is a conditio 
sine qua non. 

At the galvanometer scale of Equipment I the smallest discernible 
interval was 0.05° C. By means of making several readings with 
each thermocouple used against a mercury thermometer in the 
constant temperature water-bath and evaluating the mean value of 
the readings, figures were obtained indicating an average methodo- 
logical error of + 0.02°C to 0.03° C. As mentioned above, small 
differences were corrected for but when the error of any single 
thermocouple exceeded + 0.1°C it was discarded. Fig. 6 shows 
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Fig. 6. Correlation between thermocouples and standard mercury thermometer. 
A maximal discrepancy of 0.04° between the respective terminals is found. 


a calibration curve with a satisfactory appearance where a maximal 
difference of 0.04°C between the three thermocouples of liver, 
stomach and rectum was obtained as the mean of several readings. 

The inherent error of skin temperature measurement is elucidated 
in Table II. Two concentric circles with the diameter of 1 and 5 
cm. respectively were drawn at the manubrium and the foreleg. The 
standard errors of 20 consecutive readings are given for the two 
sites (in centigrades). Range means the difference between the 
highest and the lowest figure read. 

Consequently, measurements of skin temperature are not very 
accurate and differences should be considered only when they occur 
in the shape of differences between means of series, each consisting 
of a sufficient number of identical experiments. 
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Table II 


Manubrium Fore-leg 
Diameter of circle Diameter of circle 
1 cm 5 cm 1 cm 5 cm 
€ 0.04 0.09 0.04 0.07 
range 0.5 1.0 0.5 1.0 


The methodological error of Equipment II was studied in the 
following manner: The main possibility of false gradients would 
be the drifting of the zeros of the respective channels. This error 
was controlled by means of checking zero position repeatedly. 
However, rapid shifts, between the three channels of the gradient 
between the reference bath and the rectal ampulla of one patient, 
showed that minute differences could occur, due to invisible” 
drifting amounting to + 0.01°C. Hence the accuracy of this 
equipment was somewhat higher than that of Equipment I. 

In investigative material, consisting of several series of identical 
observations these errors are most likely to counteract eachother 
and will probably not constitute a limitation of the method, inter- 
fering seriously with the obtained results. 


9. Hepatic tissue injury caused by the thermocouple unit 


At autopsy scars of previously performed liver biopsies are 
seldom found—even if the biopsy was made, as happens sometimes 
in cases of malignancy, only a week or two before death. 

This circumstance does not preclude, however, that during the 
measurement, the parenchyma next to the instrument was not sub- 
jected to harmful influence. The biopsy and the introduction of the 
instrument and its remaining there for some time will most probably 
cause a haemorrhage in the tissue, as is obvious also in cases where 
signs of blood oozing from the liver surface occur afterwards. 

In order to establish to what extent tissue injury really occurs the 
following experiment was performed. On a rabbit, under urethane 
anesthesia, a polythene tube of the same size as the insulating sheath 
of the thermocouple unit was introduced into one liver lobe through 
an ordinary Vim-Silverman-Boecker needle. It was left there for 
6 hours and the liver was then treated like a histological specimen: 
after fixation in formaldehyde it was cut and the puncture channel 
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Fig. 7. Lobe of rabbit liver with measuring terminal in position. 
Linear magnification 2.5 X. 


was inspected macroscopically, sectioning and due microscopical 
examination taking place afterwards. 

Gross inspection revealed a marginal zone of hemorrhage com- 
prising 0.5—1 mm next to the polythene tube (Fig. 7 & 8). 

Microscopy of the actual areas showed that there were very 
narrow irregular strands of necrosis adjacent to the instrument. 
These small streaks, however, did not appear to hinder free circu- 
lation in the surrounding lobules. The temperature at a given spot, 
into which the thermocouple unit has been stitched, will be that of 
the immediate surrounding of active tissue. If the WLS is used, the 
possible tissue damage close to the instrument will affect the results 
a little more than in mere temperature measuring. Still, traumatic 
tissue injury does not appear to be great enough to interfere with 
the reproducibility of the results. 


10. Behaviour of organ temperatures during the initial phase 
of measurement 
Temperature readings and tracings respectively commenced at 
9° to 10% a.m. At this hour some of the patients offered a relative, 


29 


| 


Fig. 8 . Histological specimen of rabbit liver shown in Fig. 7. Measuring terminal 
removed before sectioning. Linear magnification 2.5 X. 


Or apparent, temperature equilibrium with only small deflections 
in the temperature curves of the different organs. Other subjects, 
however, showed at the same hour a tendency to slow fall of 
temperature in all organs. 

In cases where the organ temperatures studied displayed a relatively 
stable level during the first 30 minutes after applying the thermo- 
couples, the experiments were started without further delay. In 
cases with shifting organ temperatures—mainly in the form of 
slow fall—the experiments had to be postponed until the temper- 
atures became constant, which occurred within 1—2 hours. This 
temperature fall did not represent the normal trend of the diurnal 
rhythm during these hours. Corresponding observations have been 
made previously by several authors. Already Benepicr and Stack 
(1911) reported in their monography that in the basal state the 
rectal temperature fell for about 2 hours or more. The results of 
Burton and Murun (1935), and of Du Bots (1941) were similar. 
ReNBOURN and Taytor (1956) have dealt more recently with this 
problem. They found that the average period of fall was 85 minutes, 
during which unpredictable trends and fluctuations might occur. 
At the end of a resting period of 40 minutes, i.e. approximately half 
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the ”initial” period, the rectal temperature in the material of 
RENBOURN and Taytor (1956) had dropped 0.18° C, $.D. + 0.3° C 
(figures derived from 42 experiments on 32 subjects). 

Fig. 9 shows the spontaneous behaviour of the examined organ 
temperatures during 90 minutes after starting the measurements 
(author’s material). The diagram represents mean values from 15 
cases selected to illustrate the initial temperature fall. The respective 
temperatures at the start were set as zero and the subsequent changes 
were plotted. At 40 minutes the rectal temperature had a mean value 
of — 0.130 + 0.015° C, whereas the corresponding figure for the 
stomach was — 0.25 + 0.029° C. The difference between the two 
organs, 0.12 + 0.032° C, has a P value <0.01 and is thus statisti- 
cally significant. The lag of the rectal temperature can thus be looked 
upon as a real one. The present series showed no difference between 


gastric and liver temperatures (Fig. 9). 


Comment: 
The initial drop of the rectal temperature in the present material 


seems to be of approximately the same size as in previous reports. 
These, as far as can be judged from the available literature, have 
been confined only to the rectal temperature. 
Two questions thus arise: 
ce 
000, 
005, 


010. 


Fig. 9. Spontaneous Behavior of Organ Temperatures When Starting the 
Experiment 
Mean values from 15 selected cases. Ordinate: centigrade change from first 
measured value. Abscissa: time in minutes from befinning of experiment. 
The difference between rectal and stomach temperatures as indicated at 40 minutes 
is 0.12° C £ 0.033 (S.E.), P value less than 0.01. 
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a. how can this peculiar temperature shift be explained? Ren- 
BOURN & Taytor (1956), emphasizing that the phenomenon is 
apparently widely neglected ("it is sometimes tacitly assumed that 
during rest the rectal temperature is in fact a horizontal line”), 
pointed out that although muscular, circulatory and respiratory 
systems may be in a steady state, this is not necessarily true for the 
alimentary canal. The same authors also referred to a resting non- 
basal state” during which even emotional changes can take place. 
It would seem reasonable that the initia! temperature drop could 
be due to an increased “invisible perspiration” as a sign of stress 
—but the skin temperatures corresponding to Fig. 9 (they have not 
been reproduced) did not show any characteristic tendency. The 
emotional factor involved in thermal reactions has been illustrated 
experimentally by GraHamM & Wo rr (1949), who demon- 
strated that a postural temperature rise (see p. 93) subsided more 
slowly in periods of stress that during a state of relaxation and 
harmony. 

The conclusion to be drawn is that strong criteria indicating a 
stable temperature level, are necessary until experimental measures 
can be made. Yet it should be remembered that even this ’stable 
level” is only relative. According to MeNnzeEL (1955) and SoLLBERGER 
(1955) several more or less regular endogenous temperature fluctu- 
ations occur, having a more frequent periodicity than the well- 
known diurnal rhythm, and having their different wave lengths 
superimposed on the latter. Hence, an absolutely steady state does 
not seem tO exist. 

A temperature change of = 0.05°C per 5 minutes is, therefore, 
seldom significant when occuring as a single observation. Conse- 
quently, any temperature change demonstrated, should be regarded 
with the spontaneous fluctuations as a background and the obser- 
vations ought to be repeated until a statistically valid series is 
abtained. This claim is, of course, less imperative when differences 
in temperature behaviour between various organs are concerned. 

b. The second question deals with the difference on Fig. 9 
between, on one side, the rectal temperature, and on the other, 
the gastric and liver temperatures. The temperature in the rectal 
ampulla is generally accepted as being representative of the critical 
body temperature”. However, some authors have stressed its in- 
feriority. Meap & Bonmarito (1949) performed measurements of 
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rectal temperature gradients at different heights of the ano-rectal 
axis and found that, in general, the gastric temperature rose and 
fell more quickly than the rectal temperatures. ErcuNa, BERGER, 
Raper & Becker (1951) summarized that evidence is not at hand 
to prove that the temperature of the rectum is the same as that of 
the critical tissue, particularly during conditions of changing body 
temperature.” GERBRANDY, SNELL & CRANSTON (1954) expressed a 
corresponding opinion and pointed out that sublingual as well as 
esophageal temperatures are far better indices of critical tissue 
temperature. 

The striking sluggishness of the rectal temperature, as evident on 
Fig. 9 is thus in conformity with previous experiences. The inter- 
pretation of this shall be discussed below. 


11. Statistical methods 

Current statistical methods have been employed in the analysis 
of data, the standard deviation, 6, being calculated according to 
the formula: 


where a indicates the deviation from the mean and n the number of 
observations. If n was > 50 the value of n was used instead of n —I. 
The standard error (e) of the mean (M) has been computed 
according to the formula: 
6 
S. E. = = ry 


The standard error of a difference (D) was calculated according 


to the formula: 
— — + m, 


where mi and me denote the standard errors of the means in 
question. 
Values of t and P were figured out from the tables in Lrnper’s 
*Statistische Methoden” (1945) 
Levels of significance were adopted from Cramér (1945—1946): 
P = 0.05—0.01 : probably significant 
P = 0.01—0.001 : significant 
P< 0.001 : highly significant. 
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CHAPTER III 


Existence of thermal gradients within the same liver 


Is the liver thermally homogenous or can it be expected that 
temperature differences exist between different parts of the large 
glandular mass? 


Hemodynamic conditions 


The temperature of any organ will depend on the temperature 
of the affluent blood, the rate of the blood flow, the heat production 


of the organ in question, and the heat losses through conduction. | 


The liver has two vascular systems, the branchings of which are, 
however, fairly evenly distributed and densely mixed in the paren- 
chymal units. It may, still, reasonable occur that a small spot with 
close topographic relation to an average-sized arterial twig has a 
different temperature to that of a spot very near a large portal 
branch. 

It could also be recalled in this connection that blood from 


different splanchnic regions have been said to supply different parts | 


of the liver. However, conflicting opinions have been reached on 
this subject by various authors (working with different methods 
and various species). According to BARTLETT, Corer & Lone (1914), 
HimswortH and Giynn (1944) and Moore & Biwensoucu (1951) 
the left liver lobe is supposed to drain a.o. the spleen. This could 
not be verified by Bercstranp & ExMAN (1955) and the obser- 
vations des-ribed by Wannacut (1955) would seem to indicate 
that the blood flowing in the splenic vein enters the right liver lobe 
predominantly. 

Although complicated model experiments have been carried out 
to demonstrate the streamlines of portal flow (BARNETT & Cocn- 
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RANE, 1956) modern tendencies seem to deny the existence of portal 
flow streamlines in man (Popper & ScHarFNeR, 1957). It may there- 
fore be reasonable to say that the left and right liver lobes are fairly 
equally supplied with blood from the various splanchnic ares. 

Other irregularities, too, in the hepatic circulation have been 
demonstrated. PricHarp & Daniet (1952) showed that in rats, 
rabbits and cats a mechanism exists, by which considerable amounts 
of blood may escape from the periphery of the liver by passing from 
portal to hepatic veins in the close vicinity of the liver hilus. Thus 
some sort of a shunt effect would seem to exist. 

In summarizing, we must admit that, so far, the circulatory basis 
for thermal gradients within the liver remains somewhat obscure. 
There is no reason to believe that gross thermal inhomogenities 
occur which could seriously interfere with the measurements and 
thus constitute a source of erroneous results. 

Mention should, though, be made additionally of Grayson’s 
statement (1958) that in the rat different parts of the same liver 
were not always at the same temperature—no actual figures were 
reported. 


Author’s observations 

Intrahepatic temperature measurement simultaneously at two 
different sites was performed in four cases. 

In two patients, examined with Equipment I, the intrahepatic 
gradient varied from + 0.0 to 0.05° C and from 0.10 to 0.15° C 
respectively. With Equipment II the corresponding values were 
+ 0.0 to 0.024°C and 0.040 to 0.078° C. These figures refer to 
2 subjects in a basal state. The exact distance between the thermo- 
couple terminals could not be stated but was approximately 5—7 
cm. (Fig. 5). The relationship between two sites is exemplified in 
Fig. 10, which shows that the difference between the two liver 
temperature was smaller than between the rectal temperature and 
either of the liver temperatures: 


Comments: 


The occurrence of thermal differences between different areas 
in the liver has been discussed in reports, based on liver blood flow 
measurements with the WLS method. 
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Fig. 10. Tracings of rectal (R) and of two liver temperatures (L, & Ly) at two 
separate sites. 


Checking of the gradient between the two junctions is an im- 
portant detail in the WLS method. In principle this procedure means 
that one measures the thermal gradient between the two thermo- 
couples without heating the WLS. Only very small gradients have 
been obtained when the distance between the thermocouple terminals 
—in the WLS—was ~ 10 mm. In the experiments on canine liver 
by K. Grar, GoLENHOFEN and HeEnset (1957) it exceeded 0.05° C 
in only 10°/o of the observations. In one dog, however, these 
authors recorded an intrahepatic gradient, which amounted to 
0.25° C. Corresponding figures were found when applying the WLS 
method to human livers (K. Grar, W. Grar & Rosext, 1958). 

It could thus be expected that a greater distance between the two 
intrahepatic thermocouple terminals would imply a somewhat 
increased gradient, i.e. corresponding to the figures reported above. 

The liver receives its blood supply from two sources. Our know- 
ledge concerning the proportions with which the hepatic artery and 
portal vein contribute respectively is based on animal experiments, 
according to which about 20 °/o comes from the artery and 80 %o 
from the vein (GrinpLay, Herrick and Mann, 1941). Under 
certain circumstances, however, as much as 90 °/o may come from 
either vessel (Soskin and Levine, 1946). The blood entering the liver 
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will thus be a mixture of portal blood with a higher and arterial 
blood with a presumably somewhat lower temperature. Sudden 
changes in the percentual proportions of portal and arterial blood 
will possibly constitute one of the mechanisms which elicit changes 
of the intrahepatic temperature gradients. 

The occurrence of temperature gradients within the same liver 
could reasonably be looked upon as a minor problem. In a large 
material of measurements these small figures of thermal inhomo- 
genity lack any practical importance and their existence is not of 
enough consequence for interpretation of the results to be reported. 


' 
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CHAPTER IX 


A. Liver temperature level under basal conditions in relation 
to rectal and gastric temperatures 


Previous reports by the author have yielded the following results: 


1) The liver was 0.2 to 0.6° C cooler than the rectum throughout 
one or several 24 hour periods (W. Grar, Poryé & ALLGoTH, 
1955). 


2) The corresponding difference in a second series of experiments 
gave a mean value of 0.43 + 0.10°C, P0.001, nm = 12 (W. 
Grar, 1957). 

The figures under 1) and 2) were obtained with Equipment I 
as described above. 


3) A separate study was performed in order to rule out the influence 
of spurious gradients possibly arising through interposition of a 
reference junction common to several measuring junctions. In 
the above a brief description is given (p. 19) of the arrangement 
made with the aim of measuring directly the gradient between 
the liver parenchyma and the rectum. In the report by W. Grar 
and K. Grar (1957) a mean difference of 0.18 + 0.03°C, 
n = 10 (rectum warmer) was obtained. 


It was considered reasonable to extend the observations over a 
larger series. In Fig. 11 the liver temperature has been plotted graphi- 
cally against rectal temperature in 75 cases (normal livers, slightly to 
moderately fatty livers and two cases with incipient cirrhosis are 
included). Selected for this graph were the organ temperature levels 
read at the moment when—at the beginning of an experiment—they 
were considered stable enough for the injection of drugs etc. The 
respective organ temperatures were, of course, read simultaneously. 
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With one exception all values represent a.m. temperatures. They 

were all obtained in experiments where Equipment I was used. Mean 

values from these 75 cases were: 

liver temperature: 36,68 + 0.039° C 

rectal = : 36,89 + 0.040° C 

The difference, 0.21 + 0.056° C, has a P value of less than 0.001. 
In order to establish, further, the relationship between simul- 

taneous temperatures in the stomach and liver, the corresponding 

figures (same basal cases and same points of time as in Fig. 11) for 

these organs have also been plotted, in Fig. 12. 

Mean values: 

liver temperature 36,68 + 0.039° C 


gastric 36,82 + 0.036 C 
380; 
37.55 
37.0; 
75 cases. 
ri. Rectal (ordinate) and liver (absciss) 
temperatures in the same subject. 
36.0 365 37.0 375 380 C° 


Fig. 11. Rectal and liver temperatures in 75 basal subjects. 
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The difference thus amounts to 0.14 + 0.053° C corresponding 
to a P value ~ 0.01. 

If the difference between rectal and gastric temperatures is 
calculated we obtain 0.07 + 0.054° C. This difference is evidently 
not significant. Thus, we may put a general formula for the three 
organ temperatures concerned: 


1's >1,- 


This fairly regular relation is shown on a tracing obtained with 
Equipment II (Fig. 13). It is noteworthy that in most cases the 
gastric temperature is more oscillatory than rectal and liver temper- 
atures. One even gets the impression that, in many cases, a tendency 
to rhythmic variation is present. 

When starting the measurements the impression was gained that 
the mutual relationship between the organ temperatures did not 
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Fig. 12. Gastric and liver temperatures in 75 basal subjects (same as in Fig. 11). 
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bear evident relation to the different groups of liver histology in 
Table I. To confirm this, 12 cases of advanced liver cirrhosis were 
selected and their rectal and liver temperatures plotted in the same 
manner as above. Fig. 14 shows that a very similar picture is 
obtained. The difference Tp >>Ty, amounts to 0.19 + 0.08° C which 
is a figure closely related to that obtained in the other groups (on 
account of the limited number of experiments the S.E. is relatively 


high). 


B. Comparison of rectal temperature with blood temperature in 
the hepatic veins 
Introductorily (p. 9) it was mentioned that measurements by 
Eicuna, Bercer, Raper & Becker (1951) showed a somewhat 


ce 


37.4" 


| 
10 min 


Regular relationship between rec- 
tal (R), gastric (S) and liver (L) 
temperatures. 


Fig. 13. Tracings of rectal, liver and gastric temperatures in basal subject. 


41 


higher temperature in the rectum than in the hepatic veins (Fig. 
1B on p. 11). 

A corresponding series of measurements was performed with the 
aim of finding out if the author’s methods and arrangements would 
yield a corresponding result. 

Fig. 15 presents the measurements of rectal and hepatic vein 
temperatures in 12 essential healthy persons on whom a hepatic vein 
catheterization was performed. They were all non-febrile. In Fig. 15 
the figures have been arranged in a similar manner as in E1cnua’s 
communication with the rectal temperature as a reference. A glance 
at Fig. 15 reveals a close correspondance to the two columns to the 
right in the graph reproduced from E1rcuna et al (Fig. 1B). The 
mean Tp > Tyy difference in author’s material was 0.125 + 
+ 0.036° C (P less than 0.01). Apparently, the blood flowing in 


38.05 
3755 
37.0 
ee 
Rectal (ordinate) and liver (absciss) 
temperatures in 12 cases of liver 
cirrhosis. 
36.0 365 370 375 380 C° 


Fig. 14. Relation of TL to TR in liver cirrhosis. 
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the efferent blood vessels of the liver has approximately the same 
temperature as the liver parenchyma. There is, possibly, a slight 
tndency, although by no means a significant one to a higher 
temperature level in the liver vein than in the liver tissue. 


Comments 


A. Liver temperature 

The observation of a liver temperature decidedly lower than that 
of the rectum may be called unexpected. How to explain the fact 
that the temperature of this organ, always looked upon as a centre 
of heat production, is surpassed by the cavities as well of the 
rectal ampulla as of the stomach? 

If we turn back to the body of references quoted above (p. 7—9) 
we find that although the results here reported are not consistent 
with a number of earlier observations on animals, some authors, 


+01; * 


+0Q4------e----- 


-01; ee 

-0.25 eee 
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Fig. 15. Intracatheter liver vein temperature (THV) plotted with reference to 
simultaneous rectal temperature as a base. Mean gradient (12 cases) 
TR > Tuv = 0.125 £ 0.036° C. 
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however, have published data of an analogous character (e.g. SoLt- 
BERGER, 1956). 

Further, the only observations on human beings relevant to the 
author’s results are those of Ercuna, Bercer, RADER & BECKER 
(1951) and they agree very well. Thus it may also be, that in man 
somewhat different thermal relations prevail than in most animals. 

Moreover, the finding reported here appears less inconsistent with 

the general conception of the role played by the liver in heat 
production if the high hepatic blood flow is kept in mind- The heat 
produced by the liver parenchyma is carried away by the blood 
stream so rapidly that the temperature of the organ will remain 
fairly low, at least when compared to the rectum and the stomach, 
the collapsed cavities of which have greater possibilities of preserv- 
ing the heat locally produced by the tissues. If we imagine that in 
the rectum the thermocouple lies in a lumen, surrounded by mucosal 
folds, the vascularization of which is not particularly abundant 
whereas in the liver it is brought in direct contact with a tissue 
with a high blood flow rate, the thermal relation between the two 
spots will become less difficult to accept. The same anatomical 
considerations can, though to a less pronounced extent, be applied to 
the site of measurement in the stomach. Here, the vascularization 
of the mucosa is more abundant than in the rectum which may 
contribute to the fact that the temperature in the gastric lumen takes 
an intermediate position between the rectum and the liver. 
It will at present be difficult to decide whether we have really to 
consider seriously the idea put forward by Nepzex (1934) that the 
liver may even, under certain circumstances, absorb rather than 
produce heat. According to some authors (Miter, ScHAsTNAYA & 
Jurkevicu, 1940) the temperature of the portal blood may be 
higher than that of the hepatic vein. The report of Feporov & 
SHuR (1942) contains the noteworthy information that (in the dog) 
the heat contribution occurring in the intestinal tract (measured as 
the gradient between the aorta and the portal vein) was greater than 
that derived from the liver (measured as the gradient betv-een the 
portal and hepatic vein). Some of the animals even had a negative 
gradient between the afferent and efferent venous stems of the 
liver. Jrrartu, and (1941), considering related problems, 
stated that there was always a higher temperature in the hepatic 
than in the portal vein (experiments on anesthetized cats). 
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B. The rectal temperature level 


As in the extensive investigation by Ercuna et al (1951)* concern- 
ing human blood vascular temperatures, those prevailing in the 
liver veins were higher than in any other vascular region but still 
lower than rectal temperature, the question could also be put 
forward, as to which factors are responsible for the high temperature 
level in the rectal ampulla. Trying to find the key to the consider- 
able rectal heat, Bazerr (1951) suggested that the fecal bacterial 
activity would partly be responsible. In order to test this hypothesis 
Rusin, Horvatu and MELLeETTE (1951) measured the rectal temper- 
ature in subjects treated in such a way as to decrease the number of 
bacteria in the bowel. No difference between these patients and 
normal cases was seen concerning the rectal temperature. 

Now, the question could further be put, whether there are some 
particular factors, to which the high thermal level of the rectum 
could be ascribed. Already Benepicr & Stack (1911) reported that 
in the rectum the temperature was successively higher up to a depth 
of approximately 2!/2 inches. According to Meap and Bonmariro 
(1949) the rectal temperature falls the nearer it is measured to the 
posterolateral wall of the pelvis 8 inches from the external anal 
sphincter. 

REeNBouRN & Taytor (1956), discussing the temperatures prevail- 
ing in different parts of the lower bowel, wondered whether the 
muscular activity of the m. levator ani might exert some influence 
on rectal temperature measurement. The same authors, however, 
found no evidence thereof, although already BrttrotH (1862) had 
suggested that this factor might invalidate the use of rectal 
temperature measurement. 

If we summarize, we see that several authors have made attempts 
to find the explanation of the high temperature level in the rectum. 
So far, no particular detail has been identified as responsible for 
the rectal heat. The impression is gained that relatively few, if any, 
authors have discussed the possibilty of a heat insulation in the 
meaning that the fairly low circulatory rate of the rectal mucosa 


should mean a low degree of heat conductivity. The heat produced 


* Also see MATHER, Nawas and Hemmineway (1953) “it has 
been recognized for some time that the rectal temperature in the 
normal animal is somewhat above that found in the great vessels”. 
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by the rectal tissues could thus be ”stored” to some extent. This 
arguing could be applied to all hollow organs. For the rectum, 
however, it is further necessary to consider that the ampulla is 
surrounded by, or more or less enclosed in, a venous plexus draining 
visceral organs. The temperature of the blood flowing slowly in 
this plexus may be an essential factor when searching for an 
explanation of the high rectal temperature. 


C. Stomach temperature 


It has always been a very popular theme to measure the stomach 
temperature in humans. Witt1aM Beaumont (1833) put a thermo- 
meter into the stomach of his patient who had a gastric fistula and 
concluded that the ’ordinary temperature of the healthy stomach 
may be fairly estimated at 100° F” (~ 37.8° C). 

Ewa .p (1917) measured gastric temperature on a sword-swallower 
by means of a mercury instrument put down through a metal tube. 

Later work, based mainly on thermocouples introduced into the 
stomach in flexible sheaths, has yielded rather varying figures for 
stomach temperature. Several reports have a very limited value, 
reporting either the gastric temperature and its relation to other 
temperatures in only one individual (RANCKEN and TIGERSTEDT, 
1908) or the behaviour of the gastric temperature without reference 
to any other organ (HENNING, Demiinc & Kinzimerer, 1951/52, 
BENJAMIN, WAGNER, ZEIT, Pisciorra &*AusMAN, 1955). 

A representative selection of data on gastric temperature may be 
quoted briefly: 

Focep (1933) studied the thermal topography of the stomach 
in 30 human subjects. He found the rectal temperature to exceed 
that of the corpus region by 0.18° C and that of the cardiac region 
by 0.23°C, 

Hocurein and SCHLEICHER (1948) stated that the stomach has a 
temperature, 0.2—0.5° C higher than the rectum. 

Meap and Bonmarito (1949) in their analysis of the rectal 
temperature gradients at different heights in the ampulla also 
included studies on gastric temperature. They stressed some of the 
shortcomings attached to measurements in the stomach: a causal 
position of the thermocouple in liquid gastric content, in gas bubbles, 
temperature changes during hunger sensations etc. The same authors 
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stated that ”other local factors in the stomach render it unsuitable 
for deep temperature measurements”. 

We may agree with this viewpoint in as much as the gastric 
temperature could only be considered if measured simultaneously 
with and compared to other deep organ temperatures. Further, 
repeated experiments in different subjects are required if we want 
to compensate for the fact that the exact position of the thermo- 
couple in this vast organ with its different functional entities is not 
known. The results of Focep (1933) indicate that certain gradients 
may exist between the proximal and the distal parts of the stomach 
which are possibly worth a closer study. 

Concerning the general character of the stomach temperature no 
systematic studies and interpretations have been included in this 
report. Mention could be made, though, of the varying pattern of 
gastric temperature when a continuous tracing is recorded. In some 
cases the stomach temperature was—like rectal and liver temper- 
atures—a fairly even line, slowly moving without frequent oscil- 
lations. Other subjects, however, displayed a highly characteristic 
picture of the stomach temperature with a more or less regular 
occurrence of variations superimposed upon a base line representing 
the gross temperature level (Fig. 13, 48). The presence and abscence 
respectively of this pattern may reflect different positions of the 
thermocouple in relation to superficial vessels in the lesser curvature 
etc. It may also mirror individual differences in gastric peristalsis 


and blood flow. 
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CHAPTER V 

| cre 

Diurnal rhythm of liver temperature | secc 

The preliminary report by W. Grar, Poryé & AticorH (1955) | ' 

contained data on this topic. | of 

Figs. 16 & 17 illustrate the diurnal rhythm of liver and rectal a 

temperatures in two out of six cases studied in this respect. Out | ber 

of these six patients four displayed a normal liver biopsy, one a and 

moderate and one a pronounced fatty degeneration respectively. | © 

It is easily seen that the two organs showed strongly parallel ( 

temperature curves. The liver temperature lay lower than the rectal 3 

ce 
3755 Q 
ORectum 


a.m. pm. a.m. p.m. a.m. | 


Fig. 16. Diurnal rhythm of TL & TR during 48 hours. 
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either throughout the whole period of observation or during most 
of it. It occurred in one case that the two organ temperatures 
coincided transitorily and in another that a short reversal was seen 
(Fig. 17). The mean difference between the two organs in each 
respective case during the period of observation varied between 
0.21 and 0.53° C. The thermal relationship between the liver and 
the rectum was on the whole independent of the absolute temper- 
ature level and of the phases of the 24 hour period. A remarkable 
feature was, however, that in some cases the TR >TL difference de- 
creased more or less sharply after a meal (Fig. 16, at 2 p-m. of the 
second day of the graph). But similar tendencies could as well occur 
at other hours—fig. 17 shows a reversal to TL>>TR in the middle 
of the night. The amplitude of the diurnal shift of rectal and liver 
temperatures was approximately the same, amounting to figures 
between 0.7° C and 1.6° C. The maximum was seen between 4 p.m. 
and 8 p.m. (16—20), the minimum between 3 a.m. and 6 a.m. 
(03—06). 


38.0 
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Fig. 17. Diurnal rhythm of TL & TR during 36 hours. 
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Comment: 

In these six cases, each studied during 36 to 60 hours, the 
rectum-liver temperature difference varied greatly, between —0.1° C 
and +0.6° C. This relationship shows a good conformity with that 
illustrated in Fig. 11. Figures concerning temperature rhythm 


amplitude can vary individually and so can the hours of maxima | 


and minima. But if we turn to the literature on human body 
temperature rhythm and select a few representative reports it is 
found that the figures in the present material match with early 
(T. Jincensen, 1873; Benepict and Stack, 1911) as well as recent 
(Me.ietre, Hutt, Askowirz and Horvat, 1951) investigations. 

A later chapter (p. 97) will deal in detail with the changes of the 
Tr to TL relationship induced by the ingestion of food. 


50 


| 
at 
ar 
ca 
or 
ge 
sec 
ins 
oc 
@6ap 
ter 
Fi 
ter 
| in 
i va 
the 
sto 
sul 
be 
fur 
so 
the 
] 
rel; 
wa 
ed 
|_| 


the 
1°¢ 


that | 


ythm 


xima 
body | 


it is 
early 
ions. 


f the | 


CHAPTER VI 


Local influences on the liver temperature 


With the aim of investigating local influences on the liver temper- 
ature, viz. from the alimentary tract and its contents, the following 
arrangement was employed. In order to rule out the influence of 
calorigenic and metabolic influences, plain cold water was given 
orally to a number of patients. Measuring was performed with 
Equipment I. When 300 cc water of + 3°C (i.e. 34° C below the 
general body temperature level) was swallowed (within 45 to 90 
seconds), the temperature of the right liver lobe dropped almost 
instantaneously by 0.35° to 0.85° C. The maximal thermal effect 
occurred in less than 4 minutes and the liver temperature returned to 
approximately the original level within 17 to 50 minutes. The liver 
temperature patterns. thus obtained in six cases are reproduced in 
Fig. 18. Simultaneously to this drop of liver temperature the rectal 
temperature displayed only insignificant deflections (not reproduced 
in the figure). When measuring in the stomach it was noticed that 
varying reactions could appear. If the bulk of the cold water reached 
the measuring spot with high velocity the temperature drop in the 
stomach was off scale (i.e. it fell below + 16°C). But in some 
subjects the water was obviously passing down slowly enough to 
be warmed by the mucous membranes of the oesophagus and the 
fundus region. Here, the drop of gastric temperature was not nearly 
so pronounced. Evidently the distribution of the cooling effect in 
the stomach varies from case to case. 

In order to illustrate how the effect of cold water ingestion is 
related to the enteroportal circulation the following experiment 
was performed. When the actual amount of cold water was swallow- 
ed by the same subject before and after the administration of 20 IU 
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Fig. 18. Liver temperature changes induced in 6 different subjects by ingestion dif 
of 300 ml water of + 3°C. Zero at ordinate refers to liver temperature when the 
ingestion was started. pat 

Pitressin, the temperature patterns illustrated on Fig. 19 were “a 
obtained. The vascular constriction brought about by this drug in co 
the enteroportal circulation reduced the thermal effect on the isot 
measuring site in the liver notably. ( 
For purposes of comparison a couple of experiments were per- (19 
formed in the autopsy room. A model experiment was arranged tha 
under conditions corresponding to those just reported. The con- gas 
tinuously decreasing temperature of the liver of the corpse was Ka 
recorded. At a convenient moment 300 cc of water was instilled ox} 


in the stomach by means of a rubber tube passed down into the api 
antrum of the stomach. The temperature of the water was either 
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Fig. 19. Left: liver temperature change induced in one subject by swallowing 
300 ml water of + 3°C. 


Right: same experiment in same subject repeated after administration of 20 IU 
Pitressin (30 minutes earlier). 


34°C lower or 34° C higher than that of the liver at the moment 
of instillation. The subsequent temperature reactions in the corpses’ 
livers were then followed for about one hour. Fig. 20 illustrates 
the liver temperature in the autopsy room when no water was 
instilled (x—x—x—x), when warm water (excess temperature 
34° C) was instilled (e—e—e—e') and when cold water (negative 
difference 34° C) was instilled (o—o—o—o). The rate at which the 
thermal effect appeared was very much slower than in the live 
patients. 


Comment: 

The thermal reactions in the liver subsequent to ingestion of non 
isothermal fluid has not been studied previously. 

Concerning the thermal equalization in the stomach NEcHELES 
(1953) reported that after a cold drink (volume somewhat smaller 
than in the author’s experiments) the average recovery time of 
gastric temperature was ”more than half an hour”. According to 
Katsura (1956) (who also used a smaller volume than in the 
experiments reported here) the original temperature level was 
approximately restored after 30 minutes. These figures are in good 
accordance with the author’s results. 
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Fig. 20. x—x—x Liver temperature, measured in the autopsy room. Control 
curve. 
@-@-@ same after intragastric instillation of 300 ml water, having 
a temperature 34°C higher than that of the liver in the 
moment of instillation. 
O—O—O same experiment with water, having a temperature 34°C 
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The effect of ”liver cooling” here reported seems to be due almost 
entirely to conduction with the blood flow, i.e. to a lowering of 
the temperature of the blood from the stomach. If the liver is 
deprived of its circulation, as in the autopsy room experiments, its 
temperature was not influenced until a lapse of more than 5 minutes. 
At 30 minutes, when the liver temperature in the living subjects 
was back at the original level, the thermal reaction had not yet 
reached its maximum. These different reactions correspond to the 
fact that the heat conduction rate of the human liver drops from 
14—18 - 10-* cal/cm/sec/°C (Bock, K. Grar and Henset, 1957; K. 
Grar, W. Grar and Rosetti, 1958) to an average of 11.3 - 10-4 
cal/em/sec/°C (K. Grar, GOLENHOFEN and HEnsEL, 1956) when the 
circulation is arrested. 

The experiments with Pitressin, shown in Fig. 19, show that a 
reduction of the enteroportal circulation strongly affects the lower- 
ing of the liver temperature induced from the alimentary tract. 
Concerning the effect of the posterior pituitary pressor hormone on 
splanchnic circulation references and discussion are found on p. 81. 

It may be added that the successive decrease of liver temperature 
in the autopsy room when no experimental measures were performed 
(x—x—x—x) was within the same range reported by MUELLER 
(1937), studying the temperatures of dead bodies. 
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CHAPTER VII 


Reaction of liver temperature in states of increased 
heat elimination from body surface 


A. Cutaneous vasodilatation—the effect of histamine*) 
Previous reports on the effect of histamine on temperatures 


Numerous investigations have been carried out concerning the 
effects of histamine on regional temperatures and heat regulation. 
The following reports are quoted as being related to the present 
investigation: 


Date & Lawraw (1911) reported a lowering effect of histamine 
on the body temperature of dogs and guinea-pigs but this obser- 
vation seems to refer exclusively to large doses. The results were 
summarized thus that even in non-fatal cases histamine elicited a 
large and rapid fall of rectal temperature. These authors did not 
include human subjects in their experiments. 


Harmer & Harris (1920) administered 0.1 mg histamine per 
stone (6.35 kg) body weight to humans and obtained simultaneously 
with a 2.0—3.4° C temperature rise of the skin (face, forearm and 
hand) a 0.2—0.5° C rise of rectal temperature 3—31/2 inches above 
the sfincter. in two patients. These authors suggested that it would 
have been more probable to see the opposite effect, on account of 
increased heat loss through the dilated skin vessels. HARmMER & 
Harris postulated that normally the rectal temperature should not 
represent that of arterial blood—but if the rectal vessels dilate in 
response to histamine the rectal temperature will rise more nearly 
to this level (i.e. to that of arterial blood). 


*) Part of this section has been reported as a preliminary (W. Grar, 
1957). 


56 


the 
col 
thi 
| ter 
fal 
ter 
va 
his 
ch! 
BE 
atl 
inf 
an 
some 
wa 
LIN 
ga 
st 
a 
Th 
ga: 
to! 
lov 
wi 
Wz 
an 
| his 
th 
80 
au 
|_| 


not 


AF, 


TuiessEN & SNELL (1933) recorded gastric temperature with 
thermocouples and measured oral and rectal temperature with 
common mercury thermometers. The gastric temperature ran higher 
throughout than the rectal and oral ones. In 13 patients with peptic 
ulcers the effect of histamine was studied. Whereas oral and rectal 
temperatures rose steadily, stomach temperature displayed an initial 
fall and thereafter a slow rise. To interpret this pattern of the gastric 
temperature curve the above-mentioned authors suggested an initial 
vasoconstriction and a subsequent slow moderate vasodilatation. 

Deutscu, Spirzy & Wontras (1951) found that the gastric 
temperature in four cases of achlorhydria fell just the same after 
histamine as did the same temperature in a case of normal hydro- 
chloric acid secretion. After a dose of Antistin being given to a 
normal person the lowering effect of histamine on gastric temper- 
ature was abolished. The secretory stimulation was, however, un- 
influenced. The conclusion was advanced that gastric temperature 
and secretion are not related to each other. 

HENNING, Demuinc & Kinzimerer (1951) considered continuous 
measurement of the gastric temperature and its variations a possible 
way of studying, indirectly, the blood flow of stomach mucosa. In 
subsequent papers (HENNING, KinzLMEIER & DemuinG, 1952; Dem- 
LING, K1NZLMEIER & HENNING, 1952) the same authors have investi- 
gated the reactions of gastric temperature to certain pharmacological 
stimuli. An increase of the gastric temperature was observed when 
a depression of the other functions studied occurred, whereas 
a temperature fall was met with when stimulation was induced. 
The general impression gained from the studies quoted was that the 
gastric temperature curve behaved inversely to a diagram of secre- 
tory activity. As to the effect of histamine it was assumed that its 
lowering of the gastric temperature should depend on a hyperemia 
with slow blood-flow. (Recording of any other organ temperature 
was not included ‘in these studies.) 

Spanc, Osrecut & Ey (1952), dealing with gastric temperature 
and its implication to stomach blood flow, administered a medium 
histamine dose to humans and obtained a fall of 0.23—0.77° C in 
the stomach with a similar reaction of the rectal temperature in 
80 °/o of the experiments (the gastric temperature was more reactive 
in subjects with stomach disease than in normals). The quoted 
authors concluded from these and some other experiments that the 
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temperature fluctuations of the stomach do not differ from the 
reactions of ”body core”*) temperature. 

Masupa, Onara & Katsura (1953), in a series of experiments 
on the temperature in the gastrointestinal tract, administered a.o. 
histamine (and pilocarpine) and conclude that... ”by histamine 
and pilocarpine, which strongly stimulate the gastric secretion, the 
intragastric temperature is intensely lowered.” In further studies of 
the effects of some other agents it was emphasized that the gastric 
temperature is related to the blood flow but not to the gastric 
secretory activity. 

Rossi-EspaGNet & 'TORLONTANO (1955), administered 1 mg. 
histamine to normal subjects, to hypersecretors and to patients with 
achlorhydria. The ensuing temperature drop in the stomach was 
somewhat less pronounced in the cases with achlorhydria but the 
figures were not treated statistically. These authors postulated that 
the decrease in stomach temperature induced with histamine resulted 
from cooling of the blood circulating in the dilated skin vessels but 
offered no direct evidence in support of this opinion. Various 
authors working with animal experiments have previously expressed 
this view (GyERMEK, 1950; Fastunyi-SzEBEHELY & SZEBEHELY 1952). 


Author’s observations 


Doses of 0.5 and 1.0 mg histamine were administered to twelve 
fasting subjects.**) The same patients received both doses, in six 
cases the small dose was given during the morning hours and the 
greater at noon or shortly afterwards, in the other six the doses 
were given in the opposite order. Seemingly, when the effect of the 
first dose had subsided, there was a always full response to the 
second one. On Fig. 21 and in Table III the centigrade level of 
manubrium, rectum, liver and stomach at the moment of the injection 
has been set as zero value and the subsequent deflections have been 


*) In temperature literature the expression ”body core” is often 
used to denote the opposite of body surface. It thus refers to the 
average temperature of internal organs irrespective of measuring 
site. (The corresponding nomenclature exists in the German language 
—”K6rperkern” and ”K6rperschale’’.) 


**) Dosage according to body weight was not employed as the 
two doses to be compared were given to the same subjects. 
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Table III 


Effect of 1 mg. histamine administered subcutaneously in terms of changes from tempera- 
ture levels before the injection. Means and standard errors of 12 cases 


Minutes Temperature change in °C 
after 
injection Liver Stomach Rectal Skin 
5 —0.10+0.018 —0.09+0.026 —0.01+0.012 +0.20+ 0.089 
10 —0.16 + 0.016 —0.16+0.030 —0.04+0.015* +034+0.117 
15 —0.20+ 0.019 —0.19+0.021¢ —0.09+0.024¢ +0.38 + 0.116 
20 —0.23+ 0.020 —0.22+0.023 —0.12+0.026 +0.63+0.156 
25 —0.20 + 0.028 —0.20+0.023 —0.12+0.022 +0.55+0.181 
30 —0.18 0.028 —0.18+0.027 —0:13+0.023 +0.56+0.194 
35 —0.15+0.032 —0.14+0.032 —0.13+0.024 +0.58+0.225 
40 —0.12+0.032 —0.11+0.035 —0.10+0.023 +0.54+0.244 
45 —0.13 0.042 —0.10+0.039 —0.10+0.029 +0.37+0.232 
50 —0.11+0.032 —0.08+0.051 —0.10+0.026 +0.39+0.206 
55 —0.10 + 0.043 —0.06+0.054 —0.08+0.043 +0.50+0.248 
60 —0.09 + 0.034 —0.02+0.047 —0.07+0.037 +0.13+0.124 


* Difference between liver and rectum at 10 minutes = 
+ Difference between stomach and rectum at 15 minutes = 


0.12 + 0.022 C. (P < 0.001). 


0.10 + 0.032 C. (P = 0.01). 


followed. The Figure and the table throughout give mean values 
for all 12 patients. All these experiments were performed with 
Equipment I. 

The smaller dose elicited a maximal skin temperature rise of 
0.35° C, with a concomitant fall of the internal organ temperatures 
amounting to 0.08°C (rectum) — 0.14° C (stomach). The rectal 
temperature displayed a slower fall than the two other organ- 
The difference was, however, not significant. After 45 minutes, all 
temperatures were back in the vicinty of the preinjection level. 

With the larger dose the maximal rise of manubrium skin temper- 
ature amounted to 0.6°C and the fall of internal temperatures 
reached 0.12° C (rectum) and 0.22—0.23° C (liver and stomach). 
With the larger dose the parallelism of liver and gastric temper- 
atures was striking and so was the somewhat tardy reaction of 
rectal temperature. At 10—15 minutes a significant difference be- 
tween the rectum and the two other organs was obtained (see figures 
at bottom of Table III). In the exceptional cases where, prior to the 
histamine injection, rectal temperature was lower than stomach 
and/or liver temperature, the relations were often reversed when 
the effect of histamine appeared. 


59 


the | 
ine 
the 
of | 
tric | 
ric | 
g | 
rith 
was 
the 
at 
but 
sed 
). | 
lve 
Six 
he 
ses 
he 
he 
of 
on 
en 
en 
he 
ng | 
ge 
he 


c* Mean of 12 experiments. 


0.5 mg Histamine 


-03 


0 5 10 5 2 25.3% 0 10 15 20 25 30 35 40 45 SO 55 GOmin. 
Fig. 21. Effect of Histamine on Skin and Deep Temperatures. 
Mean values from 12 cases (see also Table III). Ordinate: change in centigrades 


from temperature at histamine injection. Abscissa: time in minutes from injection. 
Absolute temperatures at O time: 


0.5 mg. histamine 1.0 mg. histamine 

Mean SE, Mean Sik. 
Rectum 37.23* 0.067 37.217 0.070 
Stomach 37.11 0.044 37.12 0.071 
Liver 36.80* 0.076 36.827 0.081 


* Difference 0.43 £ 0.10°C., PX 0.001. 
t Difference 0.39 £0.119C., P< 0.01. 
Mean room temperature 23.2° C. 


Fig. 22 demonstrates the effect of histamine before and during 
warming of the patient. The subject was put in a semicylindrical 
radiant heat-cradle, with a total effect of 900 watts, which covered 
the torso. The extremities were covered with cloth to prevent loss 
of heat and thus only face and neck were bare. The lowering effect 
of 1 mg histamine on rectal, stomach and liver temperature was 
almost entirely eliminated. The skin temperature of manubrium 
showed no increase, on the contrary it fell somewhat. 
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Fig. 22. Effect of Histamine Before and During Warming of Patient. 
Ordinate: extreme left scale refers to skin temperature and has been lifted in 
relation to inner scale, which refers to inner organs. Abscissa: time. 
Histamine was administered before and after the patient « » »ut under a heating 
cradle. The temperature-lowering effect was almost entirely abolished. 


Fig. 23 gives a comparison of the effect of 1 mg histamine 
alone (same as the right section of Fig. 21) and of the same dose, 
preceded 30 minutes earlier by 20 IU Vasopressin (20 IU Pitressin® 
P & D), administered subcutaneously. The diagram represents mean 
values from identical experiments performed on 20 subjects. The 
organ temperature figures read at the moment of the injection of 
histamine have been set as zero irrespective of the changes which 
the injection of Pitressin brought about during the 30 minutes 
before the injection of histamine. The effect of histamine was, as 
is evident from the two diagrams, notably reduced by the pre- 
medication with the posterior pituitary hormone. 

On Fig. 24a continuous tracing (made with Equipment II) of 
the liver temperature is reproduced, where 50 micrograms of 
histamine has been given i.v. three times to same patient. The 
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. : Effect of 1.0 Histamine preceded, 
Effect of 10 mg Histamine. 30 min. earlier, by 20 IU. Pitressir 


Fig. 23. Reducing of histamine effect, occurring after preceding dose of Pitressin. 
Left: same group as to the right in Fig. 21 (mean room temperature 23.2° C). 
Right: same dose of histamine, preceded, 30 minutes earlier, by 20 IU Pitressin 
(mean room temp. 23.3° C). 


tracing is—from consideration of space—arranged thus that the 
moments of injection coincide. and the absolute temperature levels, 
too. The first injection, A, was administered in a basal state. The 
second, B, was given 20 minutes after the patient had received 
0.1 gm Antasten.*) Forty minutes before the last dose, the effect 
of which is curve C, the patient was given 20 IU Vasopressin. It 
is readily seen that the antihistaminic substance Antasten did not 
affect the response to histamine, whereas a preceding dose of the 
posterior pituitary prevented the histamine effect entirely. 


Comments 

A. Two questions are concerned. The first: how did the liver 
temperature behave in relation to the other organs studied? The 
outstanding feature of the measurements reported in this section was 
the uniform thermal reactions in liver and stomach. The rectal 


*) Brand of Ciba Ltd = Antazoline NNR (= 2-pheny]-benzyl- 
aminomethy]-imidazolinmetansulfonat). 
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Fig. 24. 50 ug. histamine administered three times to the same subject: 
A. Control, 
B. Preceded by 0.02 g. Antasten, 
C. Preceded by 20 IU Pitressin. 


temperature on the other hand, displayed reactions of the well- 
known, more sluggish character. 

The temperature lowering in the internal body milieu provoked 
with histamine evidently comprised also the liver. 

Reasons seemingly existed to expect a less pronounced effect when 
the liver was concerned, in as much as some authors have reported 
that a lowering of the body temperature level rapidly elicits an 
increased heat production in the liver and consequently a tendency 
of this organ to maintain a constant temperature, irrespective of the 
of the thermal events in other central organs. Kosaka (1930) 
measuring portal and hepatic vein temperatures in dog and com- 
paring them with the rectal temperature, found that in animals, 
submitted to cooling, the temperature fall in the hepatic vein 
was smaller than in the rectum, indicating an increased heat pro- 
duction in the liver. Attention may also be paid in this connection 
to the data reported by Feporov & SuHur (1942). These authors 
cooled dogs and measured rectal and liver temperatures. On cooling, 
the rectal temperature fell whereas the liver’s rose somewhat. 
Feporov & Suur interpreted this observation as indicative of an 
increased heat production occurring in the liver. 

However, these observations refer to dogs. Moreover, it should 
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be emphasized that an external and severe cooling may elicit other 
responses than the mild hypothermia induced in man by means of 
a cutaneous vasodilatation in a room of constant temperature. There 
is hardly any chance to repeat with human beings the experiments 
where immersion of the body in cold water is combined with 
measuring of the liver temperature. 

Additionally it could be referred to two reports, which do not 
furnish evidence of a separate thermal reaction of the liver to cooling. 
Grayson & MENDEL (1955) submitted rats to an environmental 
temperature of + 7.5° C and obtained a considerable drop of liver 
temperature, approximately equalling that of ”intraabdominal” 
temperature. In anesthetized animals the liver temperature drop was 
ever: more pronounced. Goop & Setxiers (1957), measuring the 
temperature at the hepatic vein orifice of dogs exposed to —35° C, 
found that ”the "hepatic vein’ temperature often did not differ 
markedly from the rectal temperature”. 

B. The second question to be discussed is the mechanism by 
which administration of histamine results in a lowering of the 
internal body temperature. As indicated by the headline of this 
chapter the increased heat elimination from the body surface has 
been thought responsible. 

Some authors dealing with the subject have neglected the increas- 
ed heat loss by cutaneous vasodilatation as an explanation of the 
lowered ”deep” body temperature induced with histamine and have 
merely suggested changes in blood flow, e.g., in the stomach, as an 
interpretation of the hypothermic effect of histamine (HENNING, 
KINZLMEIER & DEMING, 1952; Masupa, & Katsura, 1953). 

Other authors quoted above have even yielded results contradic- 
tory to those described in this work. HARMeR and Harris (1926), 
as well as THresseN and SNELL (1933), did not obtain the regular 
and uniform lowering of deep temperatures but an increase of 
rectal temperature and a dissociation of deep temperatures. Concern- 
ing the first of these reports, the material examined was rather small, 
and in the second the rectal temperature was measured with a 
mercury thermometer, which could scarcely be considered satis- 
factory. 

Some of the studies on the mechanism by which histamine exerts 
its influence on “body” temperature of animals are of interest. 
GyerMEK (1950) found that the rectal temperature of rats exposed 
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to an environmental temperature of 20° C. fell from 36.8 to 34.1° C. 
after injection with histamine. When the room temperature was 
changed to 30° C the rectal temperature of the animals rose 1.1° C. 
The corresponding relations between room temperature and the 
thermal effect of histamine were observed in rats by Deutscn, Sprtzy 
and Woutras (1951) and by Fasinyi-SzeBeHELy and SzEBEHELY 
(1952) in rats and mice. These authors thus drew the conclusion 
that the temperature-lowering effect on the body of histamine at 
ordinary or low room temperatures is due to increased heat loss 
through the dilated skin vessels, whereas PackMAN, Rosst and 
Harrison (1953) suggest that a decreased heat production may 
partly be responsible for the effect in question. 

It is reasonable and logical to assume that in humans, too, the 
lowering of central body temperatures elicited with histamine is 
secondary to the vasodilatation in the skin and increased loss of 
heat from the body surface. The reactions of humans seem to be 
identical with that of the animals in the quoted experiments, viz., 
when the environmental temperature is increased and heat loss thus 
prevented, the fall in temperature is eliminated or decreased. On 
Figure 22 a minute temperature fall occurs, presumably due to the 
fact that the head and neck are not enclosed in the cradle or 
covered. As reported by BoHNENKAMpP and Ernst (1931), the face 
and neck have high values for heat radiation (calculations based 
on STEFAN-BoLzMAn’s law) and consequently a considerable loss 
of heat can occur here. 

If the temperature-lowering effect of histamine were due to 
decreased heat production, it would be reasonable to suppose that 
a decrease of the basa! metabolic rate occurred simultaneously. This, 
however, is not the case, either in animals (GyERMAK, 1950), or in 
humans, where, e.g., von EULER and LirjestraND (1929) obtained a 
7 per cent increase of BMR at ordinary room temperature. Deutscn, 
Sprrzy & Won ras (1951) reported that a dose of Antistin (identic- 
al with Antasten) abolished the temperature lowering effect of 
histamine: The present results indicate tha tthe temperature-lower- 
ing effect of histamine may, at least sometimes, remain uninfluenced 
by antihistaminic compounds—as is regularly the case with the 
gastric secretory activity. W. Grar (1957), in a preliminary report, 
did not find evidence that promethazine, an antihistaminic substance, 
(commercially sold as Phenergan, Lergigan and Thiergan), could 
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repress the effect of histamine on temperatures. Now, this is 
obviously a matter of certain individual variations and some 
divergence of data could thus be explained. Still, the experiment 
reproduced in Fig. 24 does not support the opinion that antihista- 
minic substances can always repress the thermal effects of histamine. 

On the other hand, an antagonism seems to exist between the 
pressor principle of the posterior pituitary and histamine. When 
histamine was preceded by a potent dose of this hormone its effect 
was notably decreased. The posterior pituitary pressor hormone is 
not an antihistaminic agent but elicits a.o. a cutaneous vasoconstric- 
tion (se further pp. 84—85) and evidently it counteracts the vascular 
responses to histamine. 

This mechanism is, maybe, largely a question of dosage. Anyhow, 
the antagonism here demonstrated affords further evidence that the 
temperature-lowering effect of histamine is of vascular origin. The 
interaction of histamine and the posterior pituitary will be dealt 
with further on (see pp 84—85). 


B. Cutaneous vasodilatation-effect of Priscoline') and Dilatol*) 
1. Priscoline 

A group of 12 patients received 0.01 g Priscoline subcutaneously. 
Fig. 25 illustrates the behaviour of skin and internal temperatures 
subsequent to the injection. The reaction was relatively weak: the 
mean drop of internal temperatures was, though being less than 
0.1°C, none the less statistically valid (P = 0.01), whereas the 
rise of skin temperatures (manubrium and fore-leg), 0.1—0.2° C, 
was not significant (on account of the higher 6 value). The temper- 
ature of the liver reacted throughout parallel to that of stomach 
and rectum. 

In addition, in order to compare the behaviour of skin temper- 
atures at different surface areas of the lower limb, the reaction to 
Priscoline at the patella, at the usual measuring spot on the fore-leg 
and at the inferior surface of the big toe was studied in one single 
patient. The result, shown in Fig. 26, was a vigorous temperature 
rise at the last-mentioned site, whereas the more proximally situated 
areas displayed none or just a moderate rise. 

1!) = 2-benzyl-imidazoline HCl, brand of Ciba Ltd. 
HCI, brand of Troponwerke. 
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0 10 20 30 40 50 60 70 80 90 min 
Fig. 25. Thermal changes induced by 0.02 g. Priscoline s.c. Means of 12 cases. 
Mean room temperature 23.6° C. 


Comment: 


Priscoline is generally accepted as an agent capable of dilating skin 
vessels (Meter & Miuxter, 1940) as well as muscular blood vessels 
(Henset, Ruger & GOLENHOFEN, 1954). 

When performing the experimental series illustrated on Fig. 25 
it was noticed that in several cases there was hardly any conspicuous 
rise of the skin temperatures measured at the manubrium and the 
foreleg although the internal organs showed a slight but clear-cut 
drop. It was then thought possible that the action of Priscoline 
predominantly affects the most peripheral skin areas. The results 
reproduced in Fig. 26 show that the inferior surface of the big toe 
was the only site where a clear-cut skin temperature rise was 
obtained—this question may also be a matter of dosage. The effect 
on Fig. 26 corresponds to the observations of Lurr (1943). 

The drop of internal organ temperatures following a cutaneous 
vasodilatation constitutes an integration of the different heat dissi- 
pation rates of different regions. In the case of Priscoline in the 
doses here used the utmost peripheral areas are evidently the major 
contributors. As they represent only a minor part of the body surface 
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Fig. 26. Effect of 0.02 g. Priscoline s.c. on skin temperatures of lower extremity, 
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Fig. 27. Rise of skin temperature and drop of internal temperatures after 
administration of 0.005 g. Dilatol s.c. (one patient). 


the resulting lowering of the body ”core” temperature will remain 
fairly moderate. 

In the experiments with Priscoline the liver temperature did not 
differ in reaction from gastric and rectal temperatures. 


2. Dilatol 


Eight subjects received 5 to 10 mg Dilatol subcutaneously. In four 
of these cases no characteristic response of temperatures ensued. 
The remaining four patients displayed a reaction with a sharp skin 
(manubrium) temperature rise and concomitant internal organ tem- 
perature fall. The reaction of liver, stomach and rectum were rather 
uniform. Fig. 27 shows the effect of a 5 mg dose, representative for 
the four cases in which a notable response was obtained. 


Comments 


According to the report by Kitz & ScHNemer (1950) Dilatol is 
capable of eliciting a strong vasodilatation in skin and muscle of 
rabbit, cats and dogs. In human beings Henser, Ruer & GoLen- 
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HOFEN (1954) saw an increased blood flow in the muscles but 
practically no response to the drug was observed when the skin 
blood flow was concerned (as measured at the foot sole). 

In the author’s experiments, the effect consisted of opposite 
deflections of skin and internal temperatures. It seems likely that 
this effect is, like that of Priscoline, simply an imitaton of the 
mechansm by which histamine elicits a temperature-lowering. 

The liver temperature reaction in this series was the same as that 
of stomach and rectal temperatures. 


C. Reactions of liver temperature during sweating as induced with 
pilocar pine 

Severe perspiration was provoked in 12 subjects in order to lower 

their body temperature. They were all injected with 0.015 g 
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Fig. 28. Effect of 0.015 g. Pilocarpine s.c. Means of 12 cases. 
Mean room temperature 23.6° C. 
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pilocarpine at about the same hour. The room temperature and 
humidity was fairly constant during all experiments and varied 
only very slightly from one experiment to another (p. 22). The 
ensuing temperature patterns are reproduced in Fig. 28. All temper- 
atures at the moment of injection were set as zero and the diagram 
consists of mean values from the 12 cases. 

The reactions of internal temperatur¢s was uniform. The liver 
did not deviate much from the stomach (stomach-liver difference 
at 1 5minutes = 0.10 + 0.06° C) and the rectal temperature lacked 
its usual lag. At the height of reaction the general level of the 
internal organs was lowered by 0.4° C. The skin temperature at 
the manubrium showed a small but significant rise immediately 
after the injection (+ 0.59 + 0.103, P less than 0.001). Hereafter 
the drop amounted to more than 1.5° C. 


Comments: 


First, reservation should be made for the eventuality that pilo- 
carpine affects not only heat elimination by means of diaphoresis 
but also heat production in different organs. As to the stomach it 
is known that pilocarpine exerts strong stimulation of the secretory 
activity (IHRE, 1938; HoLLtanper, 1944). According to GooDMAN 
& Gitman (1955) it influences the cardiovascular system but to a 
limited extent and its effects on the pancreatic, hepatic biliary and 
intestinal secretion are not very prominent either. 

It would not be justifiable to neglect these effects entirely when 
considering the thermal changes induced by pilocarpine. On the 
other hand, the heat loss through sweating is evidently the dominat- 
ing feature when the heat economy is concerned—the uniform drop 
of internal organ temperatures renders it less probable that pilo- 
carpine should exert a different effect on local heat production in 
different organs, at least when measuring in stomach, liver and 
rectum. 

Evidently, the perspiration was preceded by a transient phase of 
cutaneous vasodilatation—the temperature rise at the manubrium 
during the ten minutes immediately following the injection of 
Pilocarpine on Fig. 28 was highly significant. Though not of 
essential importance for the actual investigation it may be mentioned 
that the mechanism by which Pilocarpine acts on the sweating 
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glands has been interpreted somewhat differently. According to 
Burn (1922, 1925) it has a true peripheral vasodilator action, closely 
resembling that of histamine. Besides, the induction of sweating 
with Pilocarpine was dependent of a preserved nerve supply (ex- 
periments on cats). Witson (1934) stated that Pilocarpine acts 
directly on sweating glands as well as on the minute skin vessels. 
List & Peer (1938), on the other hand, asserted that the effect of 
Pilocarpine consists of ’powerful stimulation of cholinergic nerve 
endings, releasing locally large quantities of acetylcholin, which 
may leak into the neighboring tissues and obtain access to the 
adjacent sweat glands. 

The initial reaction of skin vasodilatation prior to the outburst 
of sweating, evident in the series here reported, may be an effect 
either of Pilocarpine itself or indirectly elicited by release of an 
endogenous agent, comparable to the vasodilator material demon- 
strated in salivary glands by Hitron and Lewis (1955). 

The considerable body temperature lowering caused by the 
perspiration in the present investigation was approximately the 
same for all three intérnal organs. The liver temperature reacted 
throughout the same way as that of the stomach and the rectum. 
Evidently in these experiments too, no support was obtained for 
a mechanism corresponding to that reported by Kosaka (1930) 
(see discussion p. 63). 
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CHAPTER VIII. 


Reactions of liver temperature in decreased heat 
elimination from body surface 


Induced cutaneous vasoconstriction by means of Posterior pituitary 
pressor hormon (Pitressin®, P. & D.) 


Pitressin, being a potent preparation of the pressor principle of 
the posterior pituitary lobe can be expected to elicit a considerable 
peripheral vasoconstrictor effect. According to KrocH (1930) 
posterior pituitary extracts in high dilution constrict capillaries of 
the skin but do not affect the size of the arterioles upon which skin 
temperature is generally thought to be mainly dependent. GrayBiEL 
& GLEeNDy (1941) found a skin temperature fall of only 1—2°F 
(measured on forehead and hypothenar) when administering intra- 
venously 0.002 I.U. -Pitressin /kg./min. to humans. In spite of the 
the minute effect on skin temperatures with such small doses 
Pitressin it seems to affect the heat loss from the body surface. 
BArAny (1955), in a study of the heat dissipation rate from human 
skin under the influence of Pitressin, showed that 0.06 to 0.12 I.U. 
intravenously/minute caused a decrease of heat dissipation by 15 °/o. 
On the other hand Conarp & KowA.ewski (1949), injecting 10 I.U. 
as a single dose intravenously in humans reported a skin temper- 
ature fall of more than 1°C (on forehead). Comparatively few 
data are found concerning the effect of the vasopressor principle of 
the posterior pituitary on internal organ temperatures. Conarp & 
Kowa.ewski found a temperature decrease of 1-5 to 2.6°C in the 
stomach when 5 I.U. was given to rats under general anesthesia. 
This last mentioned observation does not agree with the findings in 
humans by Henninc, Kinzimerer and Demuinc (1952) who gave 
2—3 Units subcutaneously to non-anesthetized human beings and 
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20 30 40 50 60 70 80 90 100 110 120min| 
Effect of 20 |.U. Pitressin 
Fig. 29. Skin and deep temperatures in 10 cases given 20 IU Pitressin s.c. Eff 
(’winter series”). Mean room temperature 21.9° C. ten 
Minute 
recorded a gastric temperature rise of 0.3 to 0.5° C. In their experi- §, after 
ments body surface temperature was not measured. Poe 
In man, the pressor effect of posterior pituitary preparations seem - 
to be less pronounced than could be expected from the fact that it 
is often referred to as pressor hormone”. GRoLtMAN & GEILING 25 
(1932) found no rise in blood pressure occurring in normal subjects. z 
GrayBiEL & GLenpy (1941) administered doses sufficient to produce 40 
pronounced skin pallor and severe abdominal cramps, yet found bie 
only minute changes of the blood pressure. 65-70 
75—80 


Little or no attention has been paid to the interrelationship be- 
tween skin and deep organ temperatures in man when subjected to | 95~10 


the action of the pressor hormone. pre 


Author’s observations 
All measurements in this chapter were made with Equipment I. : ; 
In 10 cases 20 I.U. Pitressin was administered subcutaneously and ‘)d 
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the temperature followed for two hours. Pronounced pallor develop- 
ed in most instances within five to ten minutes and some patients 
showed signs of or complained of gastrointestinal discomfort (see 
above). 

The temperatures measured have been plotted in Fig. 29. The 
centigrade levels of the individual cases at the moment of injection 
have been set as zero value and the subsequent deflections have been 
drawn. The contrasting behaviour of skin and deep temperatures 
was pronounced. Concerning the upper half of the graph the most 
impressive detail is the pattern of gastric temperature. It rose more 
steeply than the other ones, and after 40 minutes, when the internal 
temperatures had ceased to rise further, having assumed a constant 
level, it ran—compared to its own value at the outset—about 0.2° C 
higher than the other two organs. The difference between gastric 
and liver temperatures in Fig. 29 was at 35 minutes 0.26 + 0.086° C 
(P less than 0.01), at 55 minutes 0.27 + 0.072° C (P less than 0.01) 
and at 85 minutes 0.24 + 0.064°C (P less than 0.01). The effect 
of Pitressin was longstanding as compared to that of histamine, 


um 
20 min. | 
Table IV 
sc. | Effect of 20 IU Pitressin administered subcutaneoysly in terms of changes from 
| __ temperature levels before the injection. Means and standard errors of 10 cases. 
, Minutes Temperature change in °C 
peri- after 
injection Liver Stomach Rectum Manubrium Fore-leg 
5 +0.02+0.015 +0.03+0.021 +0.01+0.005 —0.07+0.056 —0.14 + 0.050 
seem 10 +0.12+0.030 +0.13+0.041 +0.02+0.008 —0.22+0.115 —0.11 + 0.082 
at it 15 +0.13+0.043 +0.22+0.059 +0.05+0.019 —0.39+0.123 —0.12 + 0.085 
20 +0.19+ 0.0414) +0.29+0.056 +0.07 + 0.020')—0.45+0.102 —0.18 + 0.102 
LING 25 +0.2140.049 +0.36+0.060 +0.11+0.022 —0.45+0.102 —0.19+0.129 
ects. 30 +0.23+0.051 +0.44+0.062 +0.13+0.020 —0.41+0.090 —0.25+0.116 
35 +0.22 + 0.053%) +0.48 + 0.078") +0.14+0.023 —0.34+0.065 —0.32+0.141 
duce 40 +0.27+0.047 +0.48+0.065 +0.17+0.024 —0.44+0.107 —0.23 + 0.125 
und § 45-50 +0.27 +0.049 +0.49+0.067 . +0.20+0.031 —0.45+0.109 —0.20+0.161 
55—60 +0.26 + 0.040%) +0.53 + 0.058%) +0.24+0.034 —0.43+40.123 —0.23 + 0.203 
65—70 +0.22+0.035 +0.44+0.058 +0.21+0.042 —0.44+0.112 —0.07+0.202 
be- 75—80 +0.24+0.039 +0.48+0.043 +0.24+0.032 —0.19+0.168 —0.19+0.216 
85—90 +0.24 + 0.0394) +0.48 + 0.0494) +0.2440.032 —0.25+0.173 —0.15+0.246 
1 to 95—100 +0.23+0.032 +0.47+40.055 +0.26+0.029 —0.06+0.146 —0.09 + 0.245 
105—110 +0.24+0.038 +0.41+0.076 +0.28+0.024 —0.08+0.178 —0.17+0.291 
115—120 +0.24+0.060 +0.46+0.068 +0.28+0.028 —0.03+0.184 —0.25+0.311 
1) difference between liver and rectum at 20’ = 0.12 + 0.043°C (P< 0.05) 
ef 2) difference between stomach and liver at 35’ = 0.26 + 0.086° C (P< 0.01) 
: 3) difference between stomach and liver at 55’ = 0.27 + 0.072°C (P< 0.01) 
and ‘) difference between stomach and liver at 85° = 0.24 + 0.064° C (P< 0.01) 
75 
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after two hours all deep temperatures still showing a higher level 
than before the injection (the latter part of the curves may be 
influenced by the inherent tendency to temperature rise in the after- 
noon). The lag of rectal temperature at 20 minutes (expressed as 
liver-rectum difference) amounted to 0.12 + 0.043° C (P value less 
than 0.05). Figures corresponding to Fig. 29 are also given in 
Table IV. 

Skin temperatures seemed to return to their pre-injection levels 
a little faster than the deep ones (see Fig. 29). The skin temperature 
drop in Fig. 29 has been submitted to statistical considerations. The 
drop of manubrium temperature is at 30 minutes 0.41 + 0.09°C 
(P <(0.01) and that of foreleg temperature amounts to 0.25 + 
+ 0.116° C (P20.05). These figures are further commented on 
below. 

Another series of experiments with Pitressin is reproduced in Fig. 
30. To the right, under B, are the same ten cases as in Fig. 29 but 
the reproduction of temperatuses has been confined to the initial 
30 minutes after the injection (the shape of the teniperature patterns 
is somewhat different from Fig. 29 as the scale has been slightly 
changed). To the left in Fig. 30, under A, are 20 cases—treated 
exactly the same way as the aforementioned ten patients under B. 
The symbols denote the same temperatures in A as in B. The only 
difference between these two series is that the experiments under 
A were carried out in autumn and winter (from August, 31st to 
March, 19th), those under B in the summer (from June, 20th to 
August, 3rd). Under identical conditions, apart from the seasonal 
detail, a different effect with Pitressin was thus obtained. The 
shape of the temperature curves in A and B has been submitted to 
statistical analysis. As the great variance of skin temperature values 
entails a fairly high standard deviation and mean error (see above) 
only the internal temperatures have been analysed statistically. 

The difference between gastric temperature rise at 30 minutes in 
A and B respectively amounted to: 

0.22 + 0.078° C (P less than 0.05); for the liver temperatures 
the corresponding difference was: 

0.12 + 0.055° C (P 20.05) and for rectal temperature: 

0.09 + 0.034° C (P less than 0.05). 

If the gastric temperature rise was considered in terms of the 
two means of the tangents of the angles (formed by the temperature 
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Effect of 20 |.U. Pitressin 


Fig. 30. Temperature patterns in different seasons (see text) after 20 IU Pitressin 
administered s.c. 
Mean room temperature left series 22.8°C. 
Mean room temperature right series 21.9°C. 


rise against the horizontal) in the two series A and B, a difference 
was found of: 

0.634 + 0.196, which corresponds to a P value less than 0.01. 
This operation consequently renders the difference between the two 
series ’significant” instead of ’probably significant”. If the same 
handling was applied to liver and rectal temperature rise the differ- 
ence remained ”probably significant” (0.05 > P > 0.01). 

As the values in the ordinate in Fig. 30 refer to arbitrarily chosen 
*zero” temperatures of each organ at the moment of injection, the 
question is whether the difference between the two series consists 
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of a difference between the real centigrade figures at zero time or 
at 30 minutes or both. 

The absolute gastric temperature in the winter” series to the 
left was at zero time 36.655 + 0.090° C, the corresponding absolute 
figure in the right ”summer” series amounted to 36.658 + 0.050° C. 
The conformity was the same for liver temperature figures in the 
two series but not for rectals. The absolute temperatures at 30 
minutes were for the stomach 36.883 + 0.069° C in the left and 
37.090 + 0.106° C in the right, making a difference of 0.207 + 
+ 0.126° C. When dealing with the absolute temperature figures 
the difference between the two series was thus not significant as 
was the case when calculating with systematical deviations. The 
operation of putting the temperature figures in terms of deviation 
from their own arbitrarily chosen ”zero temperatures” was con- 
sidered justifiable and necessary (see further in discussion). 


It should further be mentioned that the mean skin temperatures 
were at ’zero” time (Fig. 30): 


Left = ”winter” series manubrium = 32.67 + 0.188° C 
+ 


foreleg = 29.36 + 0.2319 C 
Right = ’summer” series manubrium = 32.77 + 0.312° C 
foreleg = 28.44 + 0.340°C 


The mean errors in the winter” series were smaller than those in 
summer” series on account of a higher nm value (20 against 10). 
When calculated from the absolute temperature figures the difference 
between zero time and 30 minutes was, in the ’winter” series for 
manubrium — 0.16 + 0.27 and for foreleg — 0.14 + 0.33° C. The 
corresponding figures in the ”summer” series were — 0.41 + 0.42 
and — 0.24 + 0.48°C respectively. The mean errors are too great 
to allow statistically valid conclusions. However, when the skin 
temperature deflections were calculated in terms of deviation from 
”zero” (as ”systematical deviation”) there was a significant drop 
of manubrium temperature in the ’summer” series (the figures in 
question are given above with corresponding P values) but not in 
the ’ winter” group. The drop of foreleg skin temperature was not 
significant in either series. The difference between the manubrium 
temperature drop in the two series at 30 minutes amounted to 
0.25 + 0.15° C and was thus not statistically valid. 

When Pitressin was given 10 minutes after 1 mg. histamine the 
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effect was much the same as that obtained with Pitressin alone. 
Fig. 31 shows that the reaction of deep temperatures was exactly 
congruent (the group of ten cases to the left were examined June 
20th to August 3rd, the group of twelve to the right from April 
24th to May 25th). 

Of the skin temperatures that of the manubrium dropped more 
when histamine had been given before. This obviously depends on 
the fact that the skin here had a raised temperature before Pitressin 
was administered. When histamine was administered prior to 
Pitressin there was a rise from 32.56° C (S.E. 0.222) to 33.38° C 
(S.E. 0.301) in 10 minutes (not reproduced in Fig. 31). When 


Cc ° 
+0.57 10 cases x—* 12 cases 


+ 0.44 / 


+ 03- x 


+0.24 


0 10 20 30 40min. 0 10 20 30 40min. 
Effect of 20 |.U Pitressin 

Effect of 20 1.U. Pitressin preceded, 10 min. earlier, by 
1.0 mg Histamine. 


Fig. 31. Temperature patterns during 40 minutes after s.c. administration of 
20 IU Pitressin without and with a preceding dose of 1.0 mg histamine. 
Mean room temperature: 
left series: 21.9°C right series: 22.6°C 
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Pitressin was then given, a drop followed which amounted approxi- 
mately to the mentioned rise plus the drop in the left part of Fig. 
31, namely when no histamine was given before. The difference 
between manubrium temperatures of the left and right series in Fig. 
31 at 30 minutes was 0.56 + 0.22 (calculated as systematical 
deviation, P less than 0.05). 

In Fig. 31 the interval of ten minutes between histamine and 
Pitressin implies that the effect of the first drug had not culminated 
when the second was administered. Still, it was considered con- 
venient to give, in a separate series, the two drugs with a shorter 
interval. The latency with which the flush induced by subcutaneous 
histamine develops is shorter than that of the skin pallor brought 
about with Pitressin. Hence if the two drugs were given simultane- 
ously skin vessels could be expected to react first to histamine and 
a couple of minutes later to Pitressin. In Fig. 32 are reproduced 
temperature deviations from the moment when both drugs were 
administered simultaneously. Mean values from ten cases have been 
plotted (these experiments were carried out in December and 
January). As the histamine effect appears first there is a transient 
skin temperature rise and a deep temperature drop, whereupon the 
temperature response to Pitressin ensues. This response is most 
conspicuous in the gastric temperature, which lies at 30 minutes 
at +0.25°C. The behaviour of all temperatures in this series 
corresponds closely to that in the 20 cases of the winter series” 
in Fig. 30, under A. 


Comments: 

The temperature rise in the present material was of the same 
magnitude as that described by HENNiNG, KinzLMerER & DEMLING 
(1952). A different effect may be prevailing in animals, as ConarD 
& Kowa.ewski (1949) found a temperature drop in the stomach 
of rats; furthermore Déstin & FLEISCHMANN (1913) reported a 
considerable fall of the “body temperature” in the rabbit and 
guinea-pig. Bauer (1914) administered ”pituitrin” and ”pitu- 
glandol” intravenously to rabbits and guinea-pigs and subcutane- 
ously to humans and found that the rectal temperature fell. In one 
human subject, however, this effect was transient and was followed 
by a rise over the initial level. 

The temperature increase in the internal organs reported above 
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thas been interpreted as due to a decreased loss of heat from the 
body surface, also manifested as a lowered skin temperature. 

The temperature rise could also be linked with a decreased visceral 
blood flow. As established thermoelectrically by Grar, GraF & 
Rosext (1958) 20 I.U. Pitressin elicits a decrease of the liver blood 
flow of 10—15 per cent. This corresponds to findings in animals. 
Mautner & Pick (1923) found that pituitrin in several species 
gave a decreased splanchnic blood flow (as well as a decrease of 
liver volume). This observation has been confirmed—likewise in 
animals—repeatedly with different preparations and doses (Mc 
1932; 1954; GersMEYER & GeERSMEYER, 1957). 
It seems, though, according to SENEVIRATNE (1949), as if the vascular 
constriction was mainly confined to the preportal mesenteric vessels, 
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Fig. 32. Temperature patterns after 1.0 mg histamine and 20 IU Pitressin, 
administered s.c. simultaneously. 
Mean room temperature 22.4°C. 
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as direct microscopy of hepatic vessels during the action of pituitrin 
failed to reveal any change in size of observed vessels. Davis, 
Gorun ReicHMAN & Sroraasii (1957) have published experiences 
of Pitruitrin administration to patients with elevated portal pressure, 
which was found to drop considerably. A marked decrease of hepatic 
blood flow also ensued. 

The peculiar pattern of gastric temperature, significantly different 
from that of the liver and the rectum, is difficult to explain 
thoroughly. If the blood recirculating from the narrowed cutaneous 
vascular system, is gradually less cooled, the temperature rise in the 
deep organs could be expected to be fairly uniform. When the 
temperature of the stomach mucosa rises more than the two other 
organs examined, there are two main possibilities: either that there 
is, in addition, an increased heat production in the stomach during 
the action of Pitressin; or that the local heat production is un- 
changed but that the stomach vascular bed is constricted by Pitressin 
to a relatively higher extent than that of the other two organs. In 
this way the heat produced in the stomach is not equally lost by 
heat conduction. The lessened heat loss along the blood stream is 
thus evident as a temperature excess in comparison to other organs. 
This explanation would mean that the gastric blood vessels react 
quantitatively to Pitressin in a different way from other parts of 
the splanchnic vascular bed. It is known that the administration of 
pituitary extracts in effective doses causes decrease of the gastric 
blood flow. Currinc, Dopps, Nosre & Witiiams (1937) found in 
dogs that an immediate decrease of 50 °/o could be provoked. This 
figure may not be directly applicable to humans but shows that the 
blood vessels of the stomach are highly responsive to a posterior 
lobe preparation. 

The difference in response to Pitressin between subjects examined 
during different seasons of the year was distinct and significant and 
will imply that during the winter there is either a weaker or a 
slower reactivity to this vasoconstrictor agent. The different pattern 
of the organ temperature trends in A and B of Fig. 30 does not 
exclude that the temperature rise in A is merely slower and that— 
had the measurements been carried on longer—the end result would 
have been the same. It may thus be the rate and not the extent of 
temperature rise that constitutes the real difference between the 
Pitressin effect in the ”winter” and ”summer” series. As room 
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temperatures were nearly the same in the two series the seasonal 
difference seems to operate independent of immediate environmental 
temperature. The conclusion to be drawn is that inherent seasonal 
changes exist in the mechanisms which form the thermal response to 
the posterior pituitary pressor hormone. It is reasonable to assume 
that a spontaneous tendency towards vasoconstriction during the 
cold season will imply that a dose of the vasopressor hormone will 
affect the skin blood volume less than in the summer when it 
elicits a considerable redistribution of cutaneous blood. 

This interpretation of the results achieved does not seem un- 
reasonable in view of the data presented by BARANy (1955), who 
investigated the heat dissipation rate from anesthetized skin and 
found seasonal variations not only in heat dissipation from the soles 
of the feet but also in the skin temperature here—independent of 
room temperature. As pointed out by Bazerr, Love, Newron, 
EIseNBERG, Day & Forster (1948) the influence of environmental 
temperature on the blood temperature in the superficial vessels is 
greater the more peripheral the point of measurement. It can also 
be expected that even skin vascular reactions, not related to room 
temperature variations, will be more pronounced in the periphery, 
especially in the soles of the feet, where abundant arteriovenous 
communications exist which can be expected to be very susceptible 
to various influences. It therefore does not seem to be inconsistent 
that the skin temperatures in the author’s material did not show a 
seasonal difference although those measured by BARAny did. 

The observations made indicate that the relation of skin vessel 
responses to the seasons of the year may be a problem, necessitating 
further studies. 

The relation between skin temperature and internal temperature 
changes (e.g. as induced with histamine and Pitressin respectively) 
did not seem to be a constant one. This is reasonable as internal 
temperatures respond to changes in heat dissipation and not to the 
cutaneous temperature shifts. Skin temperature is a poor indicator 
of heat loss from the body surface, i.e. of the local skin circulation. 
Fercuer, Hart & SHaus (1949) have emphasized that this is 
particularly true when the skin temperature is high. When the skin 
vessels are somewhat dilated the cooling of the blood by the air 
does not keep pace with the skin circulation. BARANy (1955) has 
demonstrated quantitatively the lack of close correlation between 
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skin temperature levels and heat dissipation figures: at one and the 
same temperature the latter could vary in different subjects by 
100 per cent at the soles of the feet and by somewhat less at the 
calves. With regard to these circumstances it is quite natural that 
skin temperature elevation and decrease need not necessarily cause 
the same drop and rise respectively of internal temperatures. 

The relation of liver temperature to liver blood flow, as influenc- 
ed by Pitressin will be dealt with later on (Chapter XII, p. 106), 


Interaction between Pitressin and histamine 


The effect of histamine on skin vessels has been described some- 
what differently. It only seems reasonable to consider observations 
on humans as ’there probably exists a shift in the locus of action 
of histamine as the evolutionary tree is ascended” (Waki, PETeRs, 
TerriceR & Horton, 1949). Weiss, Ross and (1932) stated 
that minute vessels” are dilated, and mainly the venules. According 
to these authors dilatation of the arterioles should possibly require 
a higher dosage than for the vessels on the venous side. The studies 
of Carrier (1922) produced some evidence that the local effect 
of histamine on human skin (at the base of the nail) consisted of 
widening of the capillaries and arterioles. Tu. Lewis’ (1927) ob- 
servations led to the conclusion that the dilatation affected ”minute 
vessels” and especially the small collecting venules. 

Concerning the effect of posterior pituitary extracts Kois & 
Ge1Linc (1924) observed pronounced constriction of skin capillaries 
and arterioles in the dog. Ftorey and Carteton (1926) reported 
that in the mesentery of the cat Pituitrin elicited a complete closure 
of the capillaries while the arterioles were not greatly affected. 
Carrier (1922) found that the introduction into the human skin 
of highly diluted pituitrin caused contraction of capillaries but did 
not affect the arterioles. HemmperGer (1925) using stronger solutions 
obtained contraction of arterioles too. Sacks (1924) made experi- 
ments indicating that the pituitary pallor was not combined with 
any noticeable effect on the arterioles. The constrictive effect, 
according to Sacks, affected the venules, too. It is evident from the 
quoted data that the exact extent of the vascular structures respond- 
ing to histamine and posterior pituitary extract respectively may not 
be fully known. It seems, though, as if at least some vessels might 
react to both hormones. 
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The interaction of histamine and posterior pituitary extract has 
been studied by Tu. Lewis (1927), who found that when the two 
drugs were administered locally into human skin, histamine abolished 
the constriction induced with pituitirne, whereas the local skin 
response to histamine could not be suppressed by pituitrine. Pouts- 
son (1926) reported that a histamine-induced blood pressure fall 
(in the anaesthetized cat) could be turned into a sharp rise by 
pituitrine; this effect was less pronounced when high doses of 
histamine were employed. Poutsson’s summary of his observations 
indicated an antagonism between the two vasoactive substances. 

The experiments reported above (p. 61) showed that the temper- 
ature-lowering effect of histamine on the internal organs was con- 
siderably reduced when the subjects received Pitressin first. At the 
same time, however, it was found, that the rise induced with Pitressin 
was interrupted and turned into a drop when histamine was ad- 
ministered thirty minutes later. When the drugs were given in the 
opposite order (with an interval of ten minutes) the effect of 
Pitressin on the internal organ temperatures was on the whole the 
same as without histamine. But in these experiments the skin 
temperature measured over the manubrium displayed a sharper drop 
when histamine preceded Pitressin, seemingly indicating that the 
vasodilatation brought about by the former agent was abruptly 
reversed by the latter. A ten minute interval would certainly mean 
that the histamine effect was well established and not yet subsiding 
when followed by Pitressin. The series with simultaneous injections 
yielded the same result: the temperature pattern ensuing was nearly 
that of Pitressin given alone. These experimnts do not mean, how- 
ever, that the vessels which were constricted were identical with 
those previously dilated. From a theoretical standpoint it is possible 
to assume that if blood vessels, situated proximally to the level of 
histamine vasodilatation are constricted, the skin temperature must 
drop even if the vasodilatation per se has not been counteracted- The 
interaction of the two substances could thus be interpreted without 
necessarily assuming that they are acting upon the very same parts 
of the vascular bed. 

The dominance of the effect of either drug must largely be a 
matter of dosage and further experiments are required to elucidate 
the interaction between constrictive and dilator impulses. 


85 


d the 
s by 
t the 
that 
ause | 
enc- 
106). 
ome- 
tions 
tion 
ERS, 
ated 
ding 
quire 
dies 
ffect 
d of 
ob- 
nute 
s & 
aries 
rted 
sure 
ted. 
skin 
did 
ions 
eri- 
with 
rect, 
the 
ynd- 
not 
ight 


CHAPTER IX 


Behaviour of liver temperature in artifical fever" 


Among available methods for elevating the general body temper- 
ature level of human beings, the administration of bacterial pyrogens 
is most widely used. The discussion concerning the mode of action 
of these pyrogens has led to different interpretations. GERBRANDY, 
Cranston & SNELL (1954) showed that a feverish state appeared 
with a shorter latency period if the pyrogen material was first 
incubated at 37° C during 21/2—31/2 hours with blood from the 
patient to be injected. 

According to WENDT, SNELL, GooDALE & CRANSTON (1956) it is 
also possible to standardize the pyrogene response to a given 
material. 

Induced fever was a favourite problem of the late 19th century 
and different opinions were expressed concerning the mechanisms 
responsible for the temperature elevation. The proportion between 
increased heat production and decreased heat loss has attracted 
interest as well as the site of heat production. The shivering occur- 
ring initially during the pyrogen reaction means an increased activity 
of striated muscle and part of the temperature rise has been ascribed 
to the energy procreation of muscles. However, muscular heat 
production does not seem to be necessary as fever can be induced 
in curarized animals (HirscH & MueE ter, 1903). Ito (1899) studied 
liver, duodenal and rectal temperatures in the rabbit after direct 
stimulation of heat regulating centers in the brain and found the 
duodenal temperature to run the highest level throughout and to 


*) Observations on artificial fever were included in preliminary 


reports (W. Grar, Poryé & Aticotn, 1955; W. Grar & K. Grar, 
1957). 
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rise the most, indicating, according to the same author, that the 
pancreas played an important role. 

It should be remembered, in this connection, that factors capable 
of increasing the general tissue metabolism may also induce a body 
temperature rise. At least this stands for thyroxin, as reported by 


Maqsoop (1957). 


With regard to the TR>TI relationship found in afebrile subjects 
it was considered worth while to investigate whether this relation 
was changed during a pyrogen reaction. 


Author’s experiments 


Artificial fever was induced in 7 subjects. 
A. Four of these cases received 0.7 ml intravenously of a pre- 
paration containing 10® killed Bacteriae aerogenes per ml. (not 


400- 


Artificial fever 


39.04 


a o Rectal 
Liver 


a.m. p.m. 


Fig. 33. Liver and rectal temperature in artificially induced fever. 
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incubated with the patients’ blood before administration). Fever 
ensued within 3—4 hours. Shivering was more or less pronounced. 
Measurement was performed with Equipment I. Out of these four 
subjects two preserved the relationship TR >>TL throughout the 
pyrogenic reaction. However, in these two cases TR > TL value de- 
creased when the fever developed. 

One patient showed a transient reversal of the relationship to 
Tr during the late phase of pyrogenic reaction. Another 
subject displayed a rapid rise of the liver temperature and a reversal 
of the relationship du:ing the initial phase of pyrogenic reaction. 
When the temperatures had assumed a level of ~ 39° C, the original 
TR >TL was restored (Fig. 33). 

B. In three patients artificial fever was provoked with 0.5 ng 
of a purified lipopolysaccharide (derived from Salmonella Abortus 
Equi, manufactured by Wander A.G.). This preparation was first 
incubated with the patients’ blood during 3 hours. Fever developed 
within approximately two hours after administration of blood + 
+ pyrogen. 

In one case the gastric temperature was used as a reference to 
indicate the position of the internal organ temperatures on the 
centigrade scale, whilst the liver measuring terminal was short- 
circuited with the rectal terminal, yielding a tracing of the rectal- 
liver gradient. In this case the gradient TR >TL was reversed in 
the phase of steep temperature rise. 

Fig. 34 shows the temperature patterns in a case where a reversal 
of the thermal relationship between liver and rectum occurred 
during one hour, whereafter the original relation TR>>TL returned. 

In the third case the TR >TL relation amounted to 0.35°C 
before the rise and to 0.25° C during the rise. 

Altogether, out of 7 patients, in whom fever was induced, 4 dis- 
played a reversal of the relation between liver and rectal temper- 
atures. The remaining three cases showed a more or less pronounced 
decrease of the TR > TL gradient figure. 


Comments: 

Evidently there was in the present material a tendency for the 
liver to maintain a higher thermal level in relation to rectal temper- 
ature during the feverish state than in the afebrile one. In those cases 
where the liver temperature did not rise over the rectal one, the 
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Fig. 34. Internal organ and skin temperatures in the pyrogen reaction. 


difference was at least diminished. Mention should also be made 
of two cases in the author’s material, where fever occured spontane- 
ously and incidentally. In these subjects a TL > TR relation (up 
to 0.8°C) developed—corresponding with the four out of the 
seven patients in whom fever was induced. 

These observations indicate that at least some excess of heat 
production may occur in the liver during the onset of artificial 
fever. In consideration of the fact that the liver, as in Fig. 34, 
surpasses rectal as well as gastric temperatures, it seems unlikely 
that in such a case the change from TL<. TR to TL>TR should 
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depend exclusively on an elevated temperature level in the pre- 
hepatic splanchnic area and consequently only on warming of the 
blood flowing through the liver. A relative increase of the exo- 
thermous activity in the liver therefore seems fairly reasonable. This 
interpretation, on the other hand, is not possible without due 
consideration of the rate of blood flow. As has been demonstrated, a 
Ti > TR relation can arise, even if reasons for assuming an increased 
hepatic heat production are lacking, namely when the hepatic 
blood flow is decreased (p. 106, Fig. 45). Now, according to 
Brapiey & Conan (1947) the pyrogenic reaction is characterized 
by a considerable increase in the liver blood flow. In the case of 
an unchanged heat production in the liver this increase should rather 
cause a tendency to lower the temperature. A temperature rise 
simultaneous with an increased flow is difficult to explain without 
the assumption of a likewise increased thermogenesis. 

Quantitative study of heat exchange in man during pyrogenic 
reaction shows according to Barr, Ceci & Dusors (1922) that 
during the chill phase there is a substantial increase in heat produc- 
tion with no change in heat loss. However, Wetts & Ratu (1948) 
reported that, in the dog (who has got no sweating glands), increase 
of heat production was fairly insignificant, the temperature elevation 
of the pyrogenic reaction being mainly secondary to a marked 
reduction of heat loss. 

Further work is evidently required to establish the réle of hepatic 
heat production in artificial fever. The present results, though, 
favour the idea that it may be a significant factor in the phase of 
rapid temperature rise. 
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CHAPTER X. 


Liver temperature in relation to changes in body 
postition and activity 


A considerable amount of studies has been reported with reference 
to postural temperature changes and the thermal implications of 
physical exercise. The results achieved have varied somewhat accord- 
ing to different experimental arrangements and prerequisites (hour 
and length of time of experiments, amount of work performed etc.). 


Among the early reports on these topics are those published by 
Kernic (1864), who found that the axillary temperature rose a few 
tenths of a centigrade when a recumbent subject assumed a sitting 
or standing position, and by Osernier (1867), who measured a 
temperature level of 39.6° C in a runner immediately after strenuous 
activity. 

Corresponding findings have been published repeatedly in more 
recent years. The extent of postural thermal response of internal 
organs has varied somewhat in different investigations. KLErrmMaAN 
& Doxrorsky (1933) measured a rectal temperature drop of about 
1*/2° F (20.8°C) in subjects on lying down. Murer (1955) 
in a series of orthostatic temperature measurements obtained a 
change of 0.15—0.3°C for the rectum and 0.—0.04°C for the 
urinary bladder temperature. Thirty minutes after reassumption of 
the original position the temperatures were back at their original 
level. A somewhat more pronounced change was reported in the 
communication by Borzau & Carton (1952), who obtained a drop 
of even 1.5°C under similar circumstances. 


To return to the thermal effects of exercise, these have also been 
studied pretty extensively. Among experiments under fairly 
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standardized conditions those performed by BurTON-FANNING & 
Cuampion (1903) may be mentioned; moderate bicycling for 30 
minutes raised the rectal temperature from 98.8 to 100.4° F (= an 
increase of 0.88° C). Harpy (1938) was able to increase his rectal 
temperature to fever levels by means of a violent squash-playing 
during twelve minutes, 25 minutes afterwards it had dropped to a 
normal value. Attention has also been drawn to the fact that during 
the initial phase of exercise a slight drop of the rectal temperature 
may appear. In a series of exercise experiments Kuno (1934) found 
such a drop in 4 out of 32 cases. This behaviour of the rectal tem- 
perature is, maybe, merely an illustration of its inferiority as a body 
temperature index. 

It is evident that severe exercise means a heat production exceed- 
ing the amount that can be eliminated at a corresponding rate 
(DuBois, 1948 a.o.). It can, however, be questioned if the temper- 
ature rise measured in internal organs is exclusively due to a topo- 
graphically equal distribution of the excess heat. Wemvert (1913), 
stated that the axillary temperature was not affected to the same 
extent as the rectal temperature in walking patients but was in- 
fluenced more than the latter by activity predominantly concerning 
the shoulders and arms. According to this author the temperature 
elevation induced by exercise should primarily be expected to occur 
in the active part of the body. Rensourn & Tay tor (1956), con- 
sidering the rise of rectal temperature incurred by stepping on and 
off a stool for one hour, concluded that ’with leg exercise, blood 
from active muscles may pass through deep venous channels into 
the pelvis, waring the rectum as a whole before entering the Inferior 
Vena Cava”. The same authors, on the other hand, found a rectal 
temperature rise only in one of two subjects who performed a direct 
levator ani exercise. 

It is a striking feature that the rectal temperature has been the 
favourite measuring site in studies concerning the thermal effect of 
exercise. Meap & BonMaRITO (1949) measured the rectal but also 
the gastric temperature in a series of experiments, including the 
thermal patterns after bodily exercise. The general conclusion of 
their report was, as mentioned elsewhere (p. 33), that the value of 
TR as an index of internal body temperature was limited. 

Liver temperature in this connection has not been studied 
previously. 
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Author’s experiments 
A. Postural changes 


The effect of getting up and lying down was studied in three 
cases. Liver, rectal and gastric temperature were studied, as well 
as the skin temperature at the manubrium. The Equipment I was 
employed throughout. All subjects had normal livers or only very 
slight fatty infiltration. They were all basal, the experiments being 
performed between 10 a.m. and 1 p.m. 

Fig. 35 shows a representative diagram of temperatures measured 
in a subject on lying, rising and standing upright for 30 minutes 
and lying down again. The temperature rise of internal organs 
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Fig. 35. Postural temperature changes, one patient. 
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was 0.25 to 0.45°C and there was a concomitant drop of the 
manubrial temperature of nearly 1°C. After returning to the 
recumbent position a tendency to restore the original levels was 
seen. The internal temperature rise in the other two cases, submitted 
to the postural experiment, was withing the same range. The general 
impression gained was that the rectal temperature reacted less than 
gastric and liver temperatures. The pattern of Ty did not offer 
any peculiarities. In one of these two last-mentioned cases the skin 
temperature of the manubrium did not drop in the upright position. 


B. Exercise experiments 

Exercise was performed in the recumbent position, the work load 
on the bicycle ergometer amounting to approximately 300 kgm/ 
/minute. Three subjects were exposed to exercise, none presented 
signs of liver injury. Temperature measurement (Equipment I) was 
performed in the liver vein and not in the liver parenchyma. Access 
to the liver vein was obtained by means of hepatic vein catheteriz- 
ation (p. 21), which also rendered simultaneous studying possible 
of the liver blood flow in terms of EHBF (p. 21). As additional 
corollary the oxygen content was studied of arterial and hepatic 
venous blood (p. 21), yielding the respective arteriovenous difference 
(A—HV 

In these three cases exercise induced a temperature rise of the 
same order as in the postural experiments. In one case (Fig. 36) the 
gastric temperature rise exceeded that of rectal and liver vein 
temperatures. In another subject the rectal temperature even dropped 
somewhat. Perspiration was not induced by this light work and the 
skin temperatures did not show uniform tendencies, possibly a 
slight rise occurred. 

Like Ty in the orthostatic experiments liver vein temperature 
in the exercise experiments did not present features particularly 
different from the other two organs. 

The fluctuations of liver blood flow were within the error of 
the method in question and the A—HVOz2 showed only small 
variations. 


Comments: 
The data presented by the author implied that the temperature 
rise of internal organs, occurring when transition from a lying to 
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Fig. 36. Thermal effect of exercise. Additionally liver blood flow and arterial- 
hepatic vein oxygen difference has been plotted. 


an upright position took place, was fairly uniform, though being 
les pronounced for TR than the two other internal organ 
temperatures. 

The change from a lying to an upright position gives rise in various 
vascular regions, to reactions with the aim to provide the necessary 
cirkulatory adjustments to the upright posture. Apart from the 
necessity of a sustained blood flow through the uppermost part of 
the body the vertical position means increased activity in striated 
muscles and thus constitutes a modest effort. The energy produced 
in this muscular work forms part of body heat generation and thus 
it concerns and affects the physical heat regulation. 

The reports of Nretsen (1938) and Honwii-CurisTENsen, NIEL- 
sEN & HANNISDAHL (1942) seem to indicate that temperature eleva- 
tion as a result of work could not be regarded as being due, simply or 
to any significant extent, to a decreased ability of heat elimination. 
According to the mentioned authors, there is, during light work, a 
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reduced heat loss from the skin surface which is secondary to a 
lessened circulation in the skin and may imply some biological 
advantage. A relative decrease of heat dissipation could be expected 
to manifest itself in a uniform elevation of internal temperatures, 
such as it appeared in the experiments here reported. Liver and 
liver vein temperatures in the author’s experiments did not deviate 
very much from the pattern of gastric temperature. There was in no 
instance a change of the Ty/T-R relationship indicative of any 
dominating role played by the liver heat production in the mecha- 
nism of internal organ temperature rise, as induced by exercise. 

The behaviour of visceral temperatures under the conditions of 
the reported experiments should also be regarded against the back- 
ground of the visceral blood flow. 

Regarding the liver, BRADLEY (1949) and CuLBerTson, WILKINs, 
INGELFINGER & Braptey (1951) found that this organ participated 
in a general splanchnic vasoconstriction occurring in the upright 
posture. Subjects rising from the horisontal position displayed a 
liver blood flow decrease of 37.5°/o (mean of six experiments). 
According to the same reports, cycling in the recumbent position 
entailed a liver blood flow decrease of about 33 %/o in spite of an 
increased cardiac output. Consequently a drop in the visceral blood 
flow could well be expected. The experiment illustrated on Fig. 36 
did not show a change of the EHBF level corresponding to the 
findings reported by Brap.ey (1949). In the actual case the liver 
blood flow displayed an initial drop of 7 °/o, a subsequent increase 
of approximately 10°/o, whereafter the blood flow seemed to 
stabilize at the original level. The splanchnic oxygen consumption 
figures before and during exercise differed but slightly. Evidently 
the temperature rise of internal organs, characterizing physical 
exercise, can readily occur without any unmistakable change of the 
circulatory rate. 

The main conclusion of the postural and exercise experiments will 
be that the liver and liver vein do not behave otherwise than do 
internal organs in general. There is also reason to believe that the 
temperature rise in internal organs can occur even if the visceral 
blood flow is not significantly decreased. 
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CHAPTER XI 


Reactions of liver temperature to ingestion of food 


The current concept of the effect of meals on the temperature 
level in the liver is based mainly on the observations made by 
CLAUDE BerNarp (1854) who found that in the dog the temperature 
gradient between the portal and hepatic veins was around 0.6° C 
in a fasting state but 1.6°C during digestion. J. E. JoHANsson 
(1898) considered food intake to be—besides muscular activity— 
the main determinant of the diurnal temperature rhythm. 

Benepict and SLack (1911) studied the effect of eating on various 
temperatures in 6 subjects and reported that ”a meal tends to 
increase somewhat the temperature of the body”. The rise in these 
experiments amounted to 0.05—0.60° C for various measuring sites 
in the rectum. The meals were, however, given at an hour when a 
temperature rise inherent in the diurnal rhythm could be expected 
(between noon and 1 p.m., see Fig. 16 & 17, p. 48—49 in this 
report). 

Srranc & Mc CuiuGace (1931) investigated the effect of a mixed 
standard meal on the heat production of different categories of 
patients and concluded that the principal contributors to heat pro- 
duction were proteins and carbohydrates but that fat also played 
a part. 

Broseck (1948), performing experiments on rats, discussed the 
relation between the amounts of food intake and the organism’s 
ability to dissipate the heat of food metabolism. 

IamPETRO; Buskirk, Bass & Wetcn (1957), studying the influence 
of food intake and body exercise on the daily fluctuations of rectal 
temperature, found that the major portion of the diurnal change 
between 8 a.m. and 8 p.m. was associated with the ingestion 


of food. 
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Evidently, there are several angles of approach to the problem 
of the thermal effect of ingested food. The reaction of liver tem- 
perature to food intake seemed a possible means of elucidating the 
mechanisms of temperature rise following meals. 


Author’s experiments 


During the study of the diurnal rhythm of liver and rectal tem- 
peratures it occurred that, at meal times, the TR>>TL relation was 
decreased or even reversed (see Fig. 16). 

In order to investigate further this detail the following experi- 
ments were performed. ; 

A. Three groups, each consisting of four subjects, received ap- 
proximately equicaloric amounts (400 kcal) of protein, carbo- 
hydrate or fat. Continuous tracing of rectal and liver temperatures 
was made with Equipment II. The presence of a stomach tube for 
gastric temperature measuring was considered inconvenient as it 
could interfere with swallowing and provoke vomiting. The patients 
were fed with head and chest only slightly raised from the horizontal 
plane. The ingestion was arranged throughout at the same hour 
(10—11 a.m.). Casein and gelatin were chosen to represent protein. 
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Fig. 37. Ingestion of ~ 400 kcal fat, effect on liver and rectal temperatures. 
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Of the former, 100 gm. was stirred with water to a gruel, the 
latter was dissolved to a 30 %/o solution. Rice (50 gm.) and sugar 
(60 gm.) was made into a comparable dish of carbohydrate character. 
As fat 45—50 gm. olive oil, lightly seasoned with lemon juice, was 
used. The preparations were served as near as possible to 37° C, 
checked with a mercury thermometer. The length of time for 
ingestion varied between 1—2 minutes for the oil and 4 to 14 
minutes for the gruels. 

Fig. 37—38 illustrate the effect of fat and of protein in two 
representative cases. 

The ingestion of protein in all cases resulted in a fast and steep 
rise of liver temperature. After 20—30 minutes rectal and liver 
temperatures coincided and a reversal to TL>>TR occurred. 

Feeding with the carbohydrate gruel yielded a varying result. In 
one case the relation TR >>TL decreased gradually and a reversal 
occurred. The remaining three patients showed an unchanged 
Tr >TL relation with a slight elevation of the general thermal 
level in two subjects. 
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Fig. 38. Ingestion of ~ 400 kcal protein, effect on liver and rectal temperatures. 
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Ingestion of fat seemed to exert no appreciable influence on the 
thermal relationship between liver and rectum in any of the four 
cases. A slight rise, though, in the temperatures of both was noticed. 

In order to evaluate the observations in the three different groups 
the change of rectal temperature at 45 minutes after starting the 
ingestion was plotted against that of liver temperature at the same 
moment. Three quarters of an hour was chosen as an adequate term, 
as in a couple of experiments the effect at one hour seemed to be 
already vanishing. 

Fig. 39 shows the result of this arrangement. There is a striking 
difference, at least between the groups receiving protein and fat. 
It is also easily conceivable that the difference is much more 
pronounced for the liver temperature than for that of rectum. Mean 
values of the TR rise were not very much different in the three 
groups. But if we consider the Ty rise, the mean value of the ”fat” 


Rectal temperature rise 
@ Protein 
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Fig. 39. Tx & TR rise after ingestion of fat, carbohydrate and protein 
(4 cases in each group). 
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group was 0.039 + 0.010°C, that of the protein group 0.262 + 
+ 0.017° C. The difference of the respective means is 0.223 + 
+ 0.020° C, corresponding, for this small series, to a P < 0.01 signi- 
ficance. This difference is the outstanding feature of Fig. 39. The 
carbohydrate group did not show a uniform reaction and has not 
been considered numerically. 

Mention should finally be made of the fact that a reversal to a 
Ty >Tr_ relation occurred in all four subjects receiving protein, in 
one of the four taking carbohydrate and in none of those who 
consumed fat. 

B. Another series of measurements was performed with Equip- 
ment I in the hepatic veins by means of hepatic vein catheterization. 
(p. 24). 

The meal given to the patients in this series consisted of a rice 
gruel, containing 570 kcal and consisting of 124 g carbohydrate 
and 14.6 g protein. The temperature of the dish was ~ 37°C. 

This test meal was used in the studies on splanchnic hemodynamics 
performed by CasTenrors, Exiasch & HuttMan (1959). The 
patients studied here belonged to the series examined by the mention- 
ed authors and consisted of normals and of cases with ”dumping 
syndrome” after partial gastric resection. 

Altogether six patients were given the said test meal. Two of 
these showed a decrease of the liver temperature but an unchanged 
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Fig. 40. Effect of oral glucose solution on T.Hv & TR and liver blood flow 
in one case with ”*dumping syndrome”. 
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TR level, i. the TR >TxL figures was increased. Another patient 
displayed no temperature shifts whatsoever. Two patients showed 
a decreased TR >TL figure and in one, where a TL >TR relation 
existed already before feeding; this difference was increased. 

The varying thermal reaction in this group, which ate a pre- 
dominantly carbohydrate meal, is in accordance with the carbo- 
hydrate group in the preceding series. 

C. Finally two patients were given a pure glucose solution 
(~ 37°) orally, the liver blood flow being studied simultaneously 
to rectal and liver vein temperatures. The ingested amount was 500 
and 370 cc respectively of a 20 °/o solution. The second patient 
suffered nausea during the ingestion, which was therefore inter- 
rupted. These patients consumed the carbohydrate solution in a 
position of 30° from the horizontal (in order to facilitate the appear- 
ance of dumping symptoms). 


500 ml 
J HBF 
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of 
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36.843400- 
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1800 T Var 
ne 120 28 1290 
aim p.m. 


Fig. 41. Effect of oral glucose solution on Tuy and TR and on liver blood flow 
in one case with "dumping syndrome”. 
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These experiments were carried out in connection with hemo- 
dynamic studies on liver blood flow, as measured by means of 
EHBF procedure (see p. 21), and intended to elucidate the fluctua- 
tions of liver blood flow caused by meals. These studies on hepatic 
hemodynamics belong to a series to be reported—as mentioned 
above—by Castenrors, ExiascH and 

The results are reproduced in Fig. 40 and 41. It is readily seen 
that in one patient a fall of liver vein temperature (but nearly 
unchanged TR) coincided with a ~ 30 °/o increase of the liver blood 
flow. The other patient displayed a slight general temperature eleva- 
tion, with approximately unchanged TR > Tvu relation, conco- 
mitant with a tremendous increase in the hepatic blood flow (ap- 
proximately 125 °/o). These two experiments will also be considered 
below (p. 117). 


Comments 

The experiments on the effect of food on liver and liver vein 
temperatures were not very numerous but may allow tentative 
conclusions. 

It may thus be justified to say, that the results indicate that the 
different food constituents seemed to have a somewhat different 
effect on the thermal relationship between liver and rectum. The 
temperature-increasing effect of protein was more pronounced than 
that of the other two food-stuffs and ingestion of protein reversed 
the gradient, which did not occur with fat and not regularly with 
carbohydrates. In the lastmentioned group all kinds of reactions 
occurred: decreased TR>>TL relation, reversal to TL>>TR and in- 
crease of the TR >TL value. Individual variations in heat produc- 
tion, heat elimination and blood flow may account for these dif- 
ferent reactions (further comments concerning the relation of tem- 
perature to blood flow see p. 117). 

It seems to be consistent with general concepts that protein in 
the present experiments caused the highest rise of liver temperature 
and also of the general temperature level as represented by the 
rectum. Already RusNer (1902) showed that the dynamic effect of 
proteins on metabolism exceeded that of fat and carbohydrate. The 
same fact has been demonstrated in connection with various thermal 
studies in recent years. Swirr, Barron, FiscHER, FRENCH, 
Hartsoox, Herspercer, Keck, Lonc & Macruper (1958) have 
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shown that subjects kept on equicaloric feeding produced more heat 
when the protein content was increased. But it should likewise be 
mentioned that statements of an opposite character have been made, 
Burton & Mur in (1935) found no differences between the thermal 
effects of protein, carbohydrate and fat—but these authors measured 
only rectal temperature. 

It has not been the aim of the present investigation to perform 
complete heat balance studies. The measurements carried out in- 
dicte, however, that the liver may be of essential importance in the 
mechanism of heat generation subsequent to meals. This finding may 
be related to the specific dynamic action, since it is not possible to 
demonstrate this phenomenon after removal of the liver (Rett, 
Davipson & SCARBOROUGH, 1959). 

Aspects on the relation between liver temperature and liver blood 
flow will be found separately on p. 116—117. 

It remains to be emphasized that studies of the effect cf food on 
temperatures have been limited in the present investigation to one 
hour or even less after the ingestion. After the lapse of one hour, 
the temperature curve will possible be influenced by other factors, 
irrelevant in this connection, which are operating to maintain the 
diurnal rhythm. Eome of the experiments reported here indicate 
that the thermal effect of food will appear very rapidly and that 
it may be rather transient. This may be the reason why it is not 
very prominent on some of the daily rhythm charts (fig. 16 & 17). 
It is also possible that the discontinuous readings with intervals of 
one hour practised with Equipment I in the studies of diurnal 
rhythm implies that transitory changes in the thermal relationship 
between liver and rectum may escape attention. 

Similar circumstances may also account for the fact that some 
authors have denied a thermal influence of food (AtButt, 1870; 
RANCKEN & TIGERSTEDT, 1908). When frequent readings have been 
employed and still no characteristic thermal effect of food has been 
obtained, as in the report by ReNsourN & Taytor, (1956) it may 
be explained by the fact that the rectal temperature mirrors the 
temperature shifts of the body core but poorly. 
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CHAPTER XII 


Behaviour of liver temperature in relation to fluctuations 
in the liver blood flow 


Apart from local heat production and the temperature of the 
afferent blood, the rate of blood flow is one of the major deter- 
minants of tissue temperature. Therefore an attempt to evaluate the 
role of hepatic circulation in the mechanism of temperature changes 
in the liver seemed appropriate. 

It is not the present purpose to consider various physiological 
implications of the liver blood-flow studies to be reported, but 
merely to relate the liver temperature to certain vascular events in 
the organ. 

The reader may also be referred to the view-points quoted above 
concerning the imperfection of methods of studying the liver cir- 
culation (p. 21). The technique used by the author is described in a 
previous chapter (p. 19—21). 


Author’s observations 


A. Tempeature versus blood flow was first studied under basal 
conditions. According to K. Grar, W. Grar & Roser (1958) fairly 
regular fluctuations exist in the local liver blood flow, in most 
cases with a more or less pronounced rhythmical appearance. If a 
liver temperature tracing is performed simultaneously to thermo- 
electrical blood flow recording we find that an exactly similar pat- 
tern of liver temperature is not usually met with (Fig. 42). For 
further comparison Fig. 43 is reproduced from the mentioned paper. 
The timing scale is not exactly the same in Figs. 42 & 43 but it is 
readily seen that liver temperature tracings lack the rhythmical 
fluctuations which characterize the blood flow—possibly with a few 
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Fig. 42. Gastric (S) and liver (L) temperatures recorded simultaneously with 
liver blood flow tracing (}) under basal conditions. 


exceptions (in the shape of minute oscillations, see Figs. 13 & 52 b). 
It is possible that the circulatory changes are too small to influence 
the temperature of the parenchyma as measured with the amplifica- 
tion used here. 

B. Without any direct measurement of blood flow some of the 
results reported in chapter VIII may be suitable for further con- 
sideration. 

As mentioned Pitressin is known to reduce liver blood flow and 
also the spanchnic circulation (for references see p. 81)—even if we 
do not know exactly to what extent it exerts its action on different 
parts of the enteroportal and hepatic vascular beds in man. 
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Fig. 43. Rhythmic appearance of liver blood flow (j) in 8 different subjects. 
Reproduced from K. Graf, W. Graf & S. Rosell, 1958 (Acta Physiologica). 


Anyhow, as the agent in question reduces the liver blood flow, 
it was found adequate to reconsider the relationship TR/ TL under 
influence of this hormone. 

Fig. 44 corresponds to and should be compared with Fig. 11 but 
instead of representing basal subjects it is based on the thermal 
relationship 30 minutes after s.c. administration of 20 I.U. Pitres- 
sin. It comprises all seasons of the year. The figures are obtained 
from the two series of Fig. 30. 

Instead of 3 cases out of 75 with a TL >TR relation we have 
here 10 out of 30. The difference between Tr and TL in Fig. 11 was 
0.21 + 0.056° C (P< 0.001), in Fig. 44 it is reduced to 0.07 + 
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Fig. 44. Relation of Tt to TR 30 minutes after administration of 20 IU 
Pitressin s.c. To be compared with Fig. 11. 
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Fig. 45. Effect of 20 IU Pitressin on tracing of liver/ rectum temperature 
gradient, ordinate 1 (method see p. 17). Gastric temperature (x) scale on ordinate 
2, manubrium temperature (/\) scale on ordinate 3. 
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Fig. 46. Ordinate: internal organ and hepativ vein temperatures, centigrade scale 
to the left. Liver blood flow in EHBF, scale to the right. Abscissa: time. 


0.07° C. These findings justify the the conclusion that the effect of 
Pitressin, known to be characterized a.o. by a diminution of liver 
blood flow, also accounts for the loss of the TR >>TL relation. This 
is also seen on Fig. 45 where a direct recording of the rectum / liver 
temperature gradient is passing the zero line (reproduced from W. 
GraF & K. Grar, 1957). 

C. Corresponding figures from the series, where histamine was 
given, were not found suitable for evaluation as the number of 
experiment was limited (n = 12). On the other hand it is seen that 
on Fig. 21 there was a significant difference between the drop of 
liver and rectal temperatures (P < 0.001, see figures at bottom of 
Table III). This means an increased value of TR >TL. Histamine 
causes an increase of the splanchnic and hepatic blood flow; ac- 
cording to BRADLEY, INGELFINGER & BRADLEY (1952) a 0.4—0.6 mg 
dose lowered the hepatic blood flow in one subject by 9.5 °/o, but in 
six cases raised it by 12 to 64 %o. 

Fig. 46 shows the effect of 1.0 mg histamine on liver blood flow 
in terms of EHBF (p. 21) and on the temperatures in liver, hepatic 
vein, stomach and rectum. In this experiment the liver blood flow 
was increased by about 38 °%o. 
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Fig. 47. Effect of continuous i.v. infusion of Pitressin on rectal (R) and liver (L) 
temperatures and on liver blood flow (j). 


The effect of histamine thus consists of a lowered liver tempera- 
ture and an increased TR >TL relation occurring concomitantly 
with the increase of liver blood flow as well as simultaneously to 
the increase of skin temperature (and loss of body heat). 

D. With these findings as a basis it seemed natural to combine a 
liver temperature tracing and a liver blood flow recording in the 
same patient in order to study the temperature deflections simul- 
taneous to blood flow changes induced experimentally. 

Fig. 47 shows an experiment where Pitressin was administered 
as a continuous intravenous infusion (0.4 I.U./ minute during 5’). 
The blood flow decrease amounted to about 20 °/o, the temperature 
rose and a transient reversal from TR>>TL to TR<TL occurred. 

Fig. 48 shows a corresponding experiment with infusion of 15 yg 
d, l- noradrenaline per minute during 10 minutes. The blood flow 
decrease was approximately 10°/o, the liver (and gastric) tem- 
perature rose. 
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Fig. 48. Effect of nor-adrenaline, administered as continuous i.v. infusion, on 
gastric (S) and liver (L) temperatures, on blood pressure and 
on liver blood flow (j). 


Fig. 49 illustrates the effect of 10 »g adrenaline/minute adminis- 
tered during 6 minutes. A liver blood flow decrease of about 20 °/o 
occurred simultaneously with a liver temperature increase. 

Fig. 50 is an analoguous experiment with an infusion of 20 zg 
histamine/min. during 10 minutes. The result corresponds to that 
obtained in previous experiments (under C.), i.e. a temperature drop 
synchronized with a blood flow increase. 

Fig. 51 is an experiment where ATP (= adenosine triphosphoric 
acid) was infused during 6 minutes with a rate of 10 mg/min. A 
temperature drop ensued concomitant with a blood flow increase 
of about 20 %o. 

A comparison is given in Fig. 52 between the effect of increasing 
doses of ATP on liver blood flow (A) and on liver temperature (B). 
These tracings have not been made simultaneously and do not 
represent the same patient. However, blood flow as well as tem- 
perature displayed a fairly typical dose/effect relationship, though 
in opposite directions. Here, too, an increased blood flow appeared 
almost simultaneously to lowered temperature. The reactions are 
somewhat different, inasmuch as the maximum of blood flow 
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Fig. 49. Effect of adrenaline, administered as continuous i.v. infusion, on rectal 
(R) and liver (L) temperatures, on blood flow of the liver (}) and 
on blood pressure. 


increase developed and disappeared faster than the thermal reaction, 
the latter also being influenced by the lowered. temperature of the 
blood recirculating from the body surface, where an increased heat 
loss is supposed to occur. 

Finally a simultaneous recording of liver temperature and liver 
blood flow was made in a patient receiving 400 kcal of protein 
(experiment analoguous to those reported on p. 98, Fig. 37). 

In this subject a liver temperature rise of 0.21° C occurred at 
45 minutes whereas the TR increase was 0.15° C. Meanwhile the 
the blood flow tracing indicated an increase of about 30 °/o, corre- 
sponding to a 4 change from 10.7 to 12.0 (10-4 cal/cm/sec/°C). 


Comments 

It is not possible to measure in man the temperature changes in 
the blood flowing to the liver — at least not under physiological 
conditions. 
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Fig. 50. Effect of histamine, administered as continuous i.v. infusion, on liver (L) 
and rectal (R) temperatures and on liver blood flow (j). 


Consequently, the finding of a fairly constantly occurring deflec- 
tion of liver temperature and liver blood flow in opposite directions 
does not mean that the changed blood flow rate is the exclusive or 
even major cause of the temperature shift measured in the paren- 
chyma. 

As a matter of fact, the agents causing an increased liver blood 
flow are also known to increase the heat elimination from the 
body surface (histamine, see references p. 64—65; ATP, see BENNET 
& Drury, 1931; Stoner & Green, 1945), thereby lowering the 
temperature of the blood recirculating to the internal organs. 

The agents: here emplowed to provoke, on the other hand, a 
diminution of the liver blood flow also reduce the circulation in 
the skin, having thus the additional effect of a gradual warming 
of the blood coming from the body shell. Rate of circulation and 
temperature of afferent blood here seem to be two determinants 
of liver temperature impossible to study separately. Fig. 22 shows 
that the temperature of the afferent blood must be of essential 
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importance as it is unlikely that the experiment with heating would 
affect the effect of histamine on the rate of splanchnic blood flow. 

There are additional factors to be considered. Concerning e.g. 
adrenaline, the possibility of a direct action on liver metabolism 
can be surmised. To what extent this effect concerns the temperature 
remains to be an unsolved question. 

In this connection it has to be mentioned that the effect of 
adrenaline on the blood flow of the liver has been subject to 
contradictory statements. According to several authors, working 
with animal experiments adrenaline exerts an action on the entero- 
hepatic blood vessels, compatible mainly with a reduced flow 
(Mautner & Pick, 1922; Barr & RGssier, 1926; Lampe & MEHEs, 
1926; Mc MicnHaet, 1932; SENEVIRATNE, 1949; K. Grar, GOLEN- 
HOFEN & Henset, 1957). Other investigators, however, reported 
experiments, which indicated an increased liver blood flow when 
adrenaline was administered (CLark, 1930; BAvER, DALE, PouLsson 
& RicHarps, 1932; Grayson & JOHNSON, 1953; GRABNER, KAINDL 
& Neumayr, 1958). 
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Fig. 51. Effect of adenosine triphosphoric acid, administered as continuous i.v. 
infusion, on liver (L) and rectal (R) temperatures and on liver blood flow (j). 
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Fig. 52 A. Effect of increasing single doses of adenosine triphosphoric acid on 
on liver blood flow in terms of j. 
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Fig. 52 B. Effect of increasing single doses of adenosine triphosphoric acid on 
liver temperature. 


In humans Braptey (1946) and BRapiey, INGELFINGER & Brap- 
LEY (1952) reported that adrenaline caused an increased blood flow 
through the liver. The corresponding effect was also reported by 
Bearn, Buinc & (1951) and by Neumayer (1956). 
Grayson (1951) could also be referred to in this connection. He 
studied the effect of adrenaline on rectal temperature and rectal 
blood flow in man (employing a thermoelectrical method). One of 
Grayson’s main findings was that adrenaline caused a constriction 
of intestinal blood vessels with reduced flow. However, Grayson 
found that rectal temperature fell as the rectal blood flow decreased 
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when 5 yg adrenaline/minute was infused during a few minutes 
(a corresponding rectal temperature change did not appear on a 
tracing in a preceding report by Grayson & Swan; 1950). This 
rectal temperature drop occurring simultaneously with an increased 
flow is contradictory to the adrenaline effect on the relation of 
temperature to blood flow reported in the present investigation 
concerning the liver. Grayson’s communication (1951) also con- 
tained the statement that the blood supplying the rectum is ~ 0.5° C 
warmer than in the rectum itself. Serious difficulties arise when 
trying to match this opinion with commonly accepted ideas con- 
cerning blood temperatures. Obviously, the effect of adrenaline on 
enterohepatic temperatures and circulation is a complicated problem 
—possibly because the pressor effect will sometimes be strong enough 
to yield a flow increase, in spite of induced vascular constriction. 
This may partly be a matter of dosage: 

Returning to the thermal effects of adrenaline it seems worth 
emphasizing the paper of WuitcHer & GrirFitH (1949), which 
offers evidence that the increasing effect of adrenaline on feline 
rectal temperature was abolished and changed to a temperature drop 
when the skin was removed from the animals. The conclusion drawn 
by the authors was that cutaneous vasoconstriction reduces loss of 
heat through the skin, whereby adrenaline effects a rise of body 
(rectal) temperature. 

Discussing the connection between temperature and vascular events 
in the human liver the author has so far given examples of opposite 
reactions of T and blood flow. Stress should, therefore, finally be 
laid stress on the situations where temperature and flow behave 
parallelly, or at least move in the same direction. In the above it 
was shown that in artificial fever the TR>>TL relation tended to de- 
crease or even be reversed. It was also quoted that according to 
Brapiey and Conan (1949) the induced pyrogen reaction entails 
considerable increase of liver blood flow. It was, however, not con- 
sidered convenient to measure, in the present iiivestigation, temper- 
ature and blood flow simultaneously during the pyrogen reaction. 
On account of the fairly long duration of these experiments, two 
instruments in the liver at the same time might have caused consider- 
able discomfort. 

Like fever, ingestion of protein and, though not regularly, carbo- 
hydrate, gave an example of congruent patterns of temperature and 
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blood flow. The experiment reported in this investigation with an 
increased blood flow as well as a temperature rise confirms the 
findings of BRANDT, CASTLEMAN, GREENWALD & KeExty (1955), who 
reported that a protein meal raised the liver blood flow by 33 %/o. 
No other authors have seemingly focussed the interest on the effect 
of protein in this respect, meals consisting mainly of carbohydrates 
have most often been used. 

Fig. 41 showed a case where a liver vein temperature increase, 
though moderate (0.15° C), was accompanied by a vigorous liver 
blood flow increase. If there was simultaneously a decreased heat 
loss from the body surface a gradual rise of the temperature, pre- 
vailing in the recirculating blood, could account for the thermal gain 
of internal organs in general. Evidence has, however, been presented 
that the ingestion of food can on the contrary maintain a cutaneous 
vasodilatation (Herrick & SHEARD, 1948). It has also been de- 
monstrated that, in the dog, the peripheral circulation is strongly 
increased during and after feeding (Herrick, Essex, MANN & 
Bapes, 1934). Reasons are thus lacking to explain the internal 
temperature rise after food intake by anything else than increased 
heat production. If, concerning the liver, a raised blood flow rate 
occurs concomitantly with the appearance of a TL>TR relation, it 
may well be surmised that the hepatic contribution to the increased 
body heat is considerable. 
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Final survey and discussion of main 


findings and conclusions 


Chapters I to IV. 


A procedure for studying, directly, the temperature in the human 
liver, apparently without exerting any harmful influence on the 
organ, has been employed- Methods used are reported, including the 
thermoelectrical recording of liver blood flow as a corollary (Figs. 
2—8), 

Some characteristics of liver, gastric and rectal temperatures are 
reported (Figs. 9 and 13). 

Heretofore, the temperature jevels prevailing in the human liver 
under various circumstances, were not known. Apart from the data: 
presented by Ercuna, Bercer, Raper & Becker in 1951 (Fig. 1), 
concerning the blood temperature in the hepatic vein, (and these 
measurements comprised only short periods), every opinion on the 
liver temperature in man was based on conjecture or on animal 
experiments, the applicability of which to human beings could be 
doubted, at least when performed on anesthetized animals, as has 
most often been the case. 

It has thus been simply and tacitly assumed that the liver has a 
temperature exceeding any other measuring site in the human body. 

The present findings indicate that only small, practically negligi- 
ble, temperature gradients exist within one and the same liver (Fig. 
10). It was further found that where the adult human being is 
concerned, the temperature of the ampulla recti and of the stomach 
as well run higher than that of the liver, with the exceptions men- 
tioned below. In basal subjects examined in a.m. hours the mean 
value of rectal temperature in 75 healthy individuals (among whom 
some were alcoholics with moderate fatty degeneration of the liver) 
was 36.89 + 0.040° C, and a corresponding mean value for the 
liver temperature was 36.68 + 0.039°C- The difference, 0.21 + 
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0.056° C, when submitted to statistical consideration, yielded a signi- 
ficance of P less than 0.001 (Fig. 11). The difference between 
stomach and liver temperatures was less significant (Ts >TL = 
0.14 + 0.053° C; P99 0.01) (Fig. 12). 

Liver vein temperature, obtained from 12 cases, in whom hepatic 
vein catheterization was performed, lay at levels not significantly 
different from those measured in the parenchyma of the liver 
(Fig. 15). 

When rectal and liver temperatures were plotted from a limited 
number of patients with liver cirrhosis a relation was found quite 
similar to that in normal subjects (Fig. 14). 

It is difficult to explain the difference between the present results 
and those derived from animal experiments as quoted introductorily. 
Maybe the key to this apparent discrepancy is not mainly to be 
found in any of the functional secrets of the liver — perhaps the 
rectal temperature has a higher level in man than in most animals. 
The author has emphasized that temperature measurement in the 
liver takes place in a tissue with a most abundant blood supply; the 
measuring instrument being brought into contact almost directly 
with the blood flow. In the cavities of hollow organs, where the 
temperature measuring instrument does not have the same immediate 
topographical relation to the circulation, a higher degree of thermal 
insulation can be expected to occur. Therefore, when measuring 
between the mucosal folds of the collapsed rectal or stomach cavities 
as compared to the highly vascularized liver parenchyma, the finding 
of a relatively high temperature level appears to be reasonable. 

Another fact to be considered is that the mass of the human body 
exceeds that of common laboratory animals by the magnitude of 
one ten potence or more. The relation of body mass to body surface 
in man thus represents a more favourable ratio for the heat economy 
than in small animals which have to generate more heat — even if 
fur coating offers an advantage. Attempts have been made by some 
investigators to uphold the hypothesis that an inverse relation exists 
between body sizé and internal body temperature (RopBarD, 1950, 
1953) but this theory has been disputed by others (Morrison & 
Ryser, 1952). 

Further mention should be made of the view-points expressed by 
Kemer (1941) and by Weymouth, Fietp & (1942) who 
postulated that an inverse relation exists between body size and liver 
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metabolism. According to Kiemer and his co-workers the QOs2 of 
the liver* amounts to 5.28 W~°2?8. An analoguous inverse relation 
was also figured out between body weight and total body heat 
production, H (cal/kg/day = 6.87 W483, Martin & FUHRMAN 
(1955) confirmed that the QOz of the liver* decreases with in- 
creasing body weight but emphasized that the ratio of the liver’s 
weight to total body weight also decreases, whereby the liver still 
contributes the same to the total resting metabolism of the animal. 

The quoted evidence does not furnish a basis for the assumption 
that the temperature level of the liver bears a relation to body size. 
Still, it is possible that the key to the liver temperature is partly to 
be found among the inherent metabolic activities of the liver. 


CHAPTER V 


A study of the 24 hour daily rhythm of the liver temperature 
disclosed that it had a course, very much parallel to that of the 
rectal temperature. Transient decrease, however, of the TR>>TL 
relation was found to occur in close connection with meals (Figs. 
16 & 17). Apart from this, no particular deviations from the gross 
temperature shifts of rectal temperature were found in the diurnal 
trend of liver temperature. 


CHAPTER VI 


The influence of cold water, ingested orally, upon liver tem- 
perature was studied. A rapid decrease occurred, lasting for different 
periods (Fig. 18). These periods were found to have largely the 
same ranges as those described for stomach temperature in corre- 
sponding experiments, reported in previous investigations. When 
enteroportal vascular constriction was induced, the thermal effect 
was decreased (Fig- 19). It was also established, that, when applying 
the same experiment to the livers of bodies in the autopsy room, the 
thermal changes developed much more slowly and lasted longer 
(Fig. 20). Evidently, thermal influences on the liver from neigh- 
bouring organs are mainly dependent on the blood flow. Direct 
conduction may play only a minor role. 


* = oxygen consumption in vitro of sliced liver tissue. 
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CHAPTER VII 


When heat losses from the body surface were increased the liver 
participated fairly uniformly in the general temperature drop, at 
least as compared to gastric temperature (Fig. 21). No evidence was 
found of a temperature—stabilizing function of the liver, as reported 
by Kosaka (1930) and by Feporov & Suur (1942). These authors 
stated that, during lowering of the body temperature of animals 
by means of chilling, the liver tended to run a separate course at a 
higher level than other organs. However, the author’s experiments 
may not be directly comparable to those performed on animals by 
these authors. Besides, reports from animal experiments differ 
somewhat: the effect of cooling on liver temperature described by 
the same authors was not confirmed by the data of Goop & 
Setters (i957). 

The temperature-lowering effect of histamine was studied, em- 
ploying different doses. In agreement with conclusions from animal 
experiments (GyERMEK, 1950; Deutscn, Sprrzy & Woutras, 1951; 
Fapinyt & Fasinyi-SZEBEHELY, 1952) it was found that the hypo- 
thermic effect of histamine was reduced when the subject was kept 
in a higher environmental temperature (Fig. 22). Additionally, it 
was found that the effect of histamine was counteracted by inducing 
a cutaneous vascular constriction with sufficient doses of posterior 
pituitary hormone (Figs. 23 and 24). 

The effect of histamrine could be imitated with other substances 
known to ditale skin vessels (Figs. 25—27). 

Lowering of the body temperature by means of sweating, induced 
with pilocarpine, did not show a behaviour of liver temperature any 
different from that of stomach and rectal temperatures (Fig. 28)- 
It could be considered fairly unlikely that pilocarpine exerts a direct 
thermal effect on the internal organs, interfering with the tem- 
perature drop induced by sweating. 


CHAPTER VIII 


Decreased heat elimination from the body surface was induced 
with posterior pituitary pressor hormone. Concomitant to the drop 
of skin temperatures divergent curves of gastric, liver and rectal 
temperatures were obtained, inasmuch as the gastric temperature 
rose to a level significantly higher than that of liver and rectum 
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(Fig. 29). Different extents of thermal reactions were found accord- 
ing to seasons of the year, indicating that the cutaneous vascular 
bed, on which the hormone acts, also changes, independent of the 
immediate room temperature (Fig. 30). Concerning the difference 
between, on the one hand, the stomach temperature and, on the 
other, rectal and liver temperatures, this was the same during the 
different seasons. It is assumed that the different response of Ts and 
TL may be mainly related to different degrees of vascular constric- 
tion. A separate series of experiments was performed to elucidate 
by means of temperature measurement, the interaction of the vascu- 
lar constrictive effect of the potserior pituitary pressor hormone and 
the vasodilating effect of histamine. (Figs. 31—32). 


CHAPTER IX 


Artificially induced fever yielded a reversal of the thermal rela- 
tionship TR >TL in 4 out of 7 patients (Figs. 3334). In the remain- 
ing three cases a decrease of the TR > Tr figure occurred. In view 
of the findings of BRADLEY (1946) and of Brapiey & Conan (1947), 
showing a considerably increased blood flow rate in the liver during 
the pyrogenic reaction, the present results indicate that an important 
part of the excess heat production in artificial fever may be generated 
in the liver. 


CHAPTER X 


The temperature rise of internal organs, characterizing a change 
from the recumbent to the upright potsure, did not show a reaction 
of the liver temperature any different from that of the stomach and 
rectum (Fig. 35). In catheterized subjects the temperature in the liver 
vein rose on performing light exercise to the same extent as gastric 
and rectal temperatures (Fig. 36). 


CHAPTER XI 


The results reported in chapter V indicated that changes of the 
Tr >TL relation occurred sometimes when meals were served. In 
order to elucidate the food factor equicaloric amounts of protein, 
fat and carbohydrate were given to 12 subjects (each of the three 
food-stuffs to 4 patients). Subsequently the tracings showed that 
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when protein was ingested a reversal to TL >TR ensued regularly 
(Fig. 37). This was also the case in one of the four subjects receiving 
carbohydrate. When pure fat was consumed there was no sign of 
a decrease of the TR >TL figure (Fig. 38). Protein yielded an eleva- 
tion of general temperature level as indicated by a simultaneous rise 
of Tr. In this respect there was a statistically significant difference 
between ingestion of protein and fat (Fig. 39). Concerning this find- 
ing the possibility of a mechanism related to the ”specific dynamic 
action” is discussed- 

Another group of patients was submitted to hepatic vein cathete- 
rization and temperature measurement in the hepatic vein. They 
received a meal of predominantly carbohydrate character. The reac- 
tion of liver vein temperature was very irregular. This irregular 
reaction was also seen in two subjects receiving a glucose solution 
orally, with a hepatic blood flow measurement, simultaneously to 
temperature measurement (Figs. 40 & 41). 


CHAPTER XII 


The intimate relationship between tissue temperature and tissue 
blood flow necessitated separate studies. Liver temperature tracings 
as a rule lacked the rhythmic fluctuations characterizing local blood 
flow, as measured the thermoelectrically (Figs. 42 & 43). 

It was further shown that in 30 subjects, who received posterior 
pituitary pressor hormone (which is known to reduce the enterohepa- 
tic blood flow) the TR > TL was lost and a TL >TR relation often 
developed (Figs. 44 & 45). The opposite, an increased TR >TL was 
found to occur under the influence of histamine, which increases 
the hepatic blood flow (Fig. 46). 

Simultaneous recording of temperature and blood flow (as measur- 
ed in terms of 4) showed that posterior pituitary pressor hormone 
as well as adrenaline and nor-adrenaline yielded an elevation of 
liver temperature simultaneously with a reduced blood flow (Figs. 
47—49). When administering adenosine triphosporic acid or hista- 
mine the opposite reactions occurred: increased blood flow and a 
temperature drop (Figs. 50—51). It is emphasized that apart from 
the rate of blood flow the temperature of the afferent blood will 
be an essential determinant of the temperature reaction of the liver, 
as the blood temperature is undergoing changes in the skin, where 
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the mentioned agents cause constriction and dilatation respectively. 
The findings in this section are discussed in relation to previous 
reports on liver and splanchnic blood flow, particularly those by 
Grayson & Swan (1950) and Gayson (1951) who stated that, at 
least for the rectal wall, temperature reacted (to adrenaline) in the 
same direction as did blood flow- The author’s tracings are rather 
in favour of the opposite relation. 

The effect of increasing doses of adenosine triphosphoric acid on 
liver temperature and liver blood flow in two separate cases was 
compared, showing the lag of temperature reaction as compared to 
the rapid blood changes (Fig. 52). 

It was shown that liver blood flow and liver temperature did not 
always react in opposite directions. A simultaneous recording of 
blood flow and temperature of the liver in a patient to whom 
a protein meal was kiven showed that temperature rise occurred 
combined with increased flow. The same result ensued in one case 
where carbohydrate was given (Fig. 41). Further, the pyro- 
gen reaction means an increased liver blood flow (Brapiey & 
Conan, 1947). According to the author’s results this reaction is 
characterized by a decreased TR>Tz relation or reversal to 
TL >TR In view of the increased flow this would indicate a strongly 
increased heat production in the liver. 
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